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INTRODUCTION TO CURRICULA 



In. view of accelarated deplecion of "convantional" anmrgy sources, 
there is a need co educace our society in Che use and conservation of 
chese dwindling ra5er"/es* Noc only will our present lifestyles be 
affeccad, but also _thoja of future genarations* Therefore, there is a 
concomitant need for development and implement at ion of alternative ener^ 
sources, primarily of solar ener^^ ■ 

Since students now in elemsntaty schools will be the sector of the- 
world's population most daractly affected by problems of energy -deple^ 
cions it is appropriate iiwnediately to provida them with progrMs dealing 
with concepcs of iolar aner^* Th.ls projects thans aims to educate child^ 
ren^in grades kindergarten through six toward two major goalsi 1) an ^ 
appreciation of the need fq'r energy conservat ipn, and 2) an understand^ 
Ing of the potential of the sun as suitable alternative ener^ resource. 

The lessons, demonstration axparimerit^ and avaluatioft strategies 
for this program in solar energy were developed through a systems model 
of cur ricuJ.um design. An interdisciplinary tetaa of subject matter 
specialists, and teachers shared axpertise at appropriate points in the^ 



. process. \ All parti rlpantg war ^Md wi rtliu Ll ifei Tull^rod pl an XFI ^tir^ s 1 & 2) 




Identifying a structure of the dleciplina of solar energy* , 



b. . 



Writing goals for learners, 

Tufning goalp_into behaviora^^ bbj ectives . 



- - d- 



Ganeratlng appropriate lessons. 



Decldinrj^upon evaruation^^ 
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Figure 3. Stsucture'^of discipline ^odel 



I . Ident i£ying_'a jtrugtuf a. q£ che disciplina .of solar eflegte^ ^ 
^ Sinca chare^were no astablished cohasiva alamentary school curricul^r 

pieces for concepcs of solar dner^s the develbpment ceaa had no fixed 
. model of exactly which content areas were co ba includad. l^Fhila soma 

existing, science materials addraisad* the' energy crisis in part* none 

? ' " ~ ' ,* 

movfd directly from chat point into the need for solar energy. It wa-s 
nacessaryt therafore to creaCa a '^structure of the discipline" model of 
solar aner^gyr incorporating essenclaily a content map of what the lessong? - 
would include* This model describes both the necessatT background under- ^ 
standings (i.e. ^ha raquisite^ areas-o^-tha sun and of anar^')l th¥ basic 
content areas, and sot^lTof the related , socio^econaEnlc issues (Figure 3) . 

' Using the nrodel content map , the subject matter^ expe.rts trained 

" ^ - i [ \ . ^ _ . ■ " 

the educational curriculiOT and teacher eKpercs in fundamental Ideas of 

]' ^- ^ ' ^ ^' ^ ._ \. '\ 

polar energy* They presented a history of the use of tiie ^"sun as an ^ 

energy sources early solar devicess' ^nd possibilities for fti^tur^ use, - - 

' With *such a backgrounds t^ team was ready for the next step in the 

process I establishing goals; , . - ^ - ^ 
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2, * Writing goals for studantS ' Unlike tha previous task of 
creatin'g a structure, goal writing was not new to the education experts. 
The sub'ject matter eKperts received training iji proper stating .of goals 
using work of Bloom (1956) i Crdnlvn^ and Mater (1967.) Basing 

chair. -work on the asaimptlon that the .^f ritn^iir^ n f f h^ j '^-STJ^Eli^g^^^^IlS^^^v 
ener^ was reprasentative of the concept&^tudentja needed to learn* the - 
teW g^erated goal^ statements from each category, e*g, the sun, *Tabie 1' 
(Goal Statements) llluscrates how the process reflects the concept cate- 
gory, marked by lectfers, and how 'goals from that category are. labelled 



Table 1. Goal Scacemencs 



A .1^ =n Students gyq^ in cheir ability to apply the scientific 
method * _ 

B !• The scudants understand that the sun Is aisantial" to all 

■ life on earth* 

2, The students learn the physical properties o'f the sun.^ 
3/ The students learn the astronomical relationships of the sun 
' ^ to the earth, , , 

The students learn that all of our sources of energy on 
earth are traceable to the sun* ^ ^ 



L. The students learn to recognise various forms of energy* 



2/ . The students evolye a concept of '■energy* ' 

3* -'-.^The students understand the difference between renewable and 
non-renewable energy sources, (Clean/renewable is desirable 
and environmentally sound,) 

4, , the students learn. about energy measurerasnts • 

5* The students understand how the "present -'energy 
crisis in the way we use energy, 

6, The studM^sXtaow, about alternative energy soarces, 

7* The students^^derstand, ener^ eonwrvati 



'i. -The students udderstand ^the basic problems involved if 
, Tutili^ing solar energy, 

2r^___. 1; The students learn some of th# ways of using soiar energy, 

CPasMve/action-birect/ Indirect) (Matrix) 
3,. TriS students understand sope of the technical problems 

involved in utiliiing solar eriergyi Colleetion (and non^ 
, , , colleation^passive) conyersionp utilizattDnj storage'. 



1. That the students ^d^llibeablerto recognize how political ' 
issues affect ^solar envgy technology . 

2, . Th^t the studetiits will understand haw ^ economic Issues affect 

Isoiar, energy*' . = . ; ^_ ^ . 

3,. That the students will understand the! envirpnmen til impact 
^ ^-^.^ ■ of .solar esergy " ■ ^" • '-'1^- ""^ ■ . 

4, Tfefet the stddfents wl.ll , understand ^ tha sociologi^ 

straints on us ingrs^lar energy, v . ^ - 

A 5, ■ That the ^ students wiJ4 understand the instlt^ional con- 
' straints on using solar energy* ^ - 



^^^^^ 



^^l:>fiVpOMeTda^ice"Ior^ che learners. Lessons retain their _codes Iet£er-si^^fi9-^^f4§fs^ 
i^pS^^^g^i^fQf^^ and numbers." for independent lessons in that area. 



^iSlSySlSS^ ffliiCiddng-^ upo .Evaluation / ' , The culmination qf this systens 
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THE SCIENTIFIC METHOD 



SCIENTIFIC 
MITHOD 



STUD ENT READER (4th ---ptthj . - . . , , - . 

► \ ' ' How -c Ecen ha^-'e i/e askacl ourseiyas *quf scions like "How does chac 
work'* , .or '-^Thy Is it doing thac?'\t or aven '*Why . do' you eel that way?' 
/It. Lb one thin^^ to ask ^hese quastlons, Sut It is Ano'tlier thing to 



actuaj^iy cry arid ahswar them, Tfiis^ thing we call '^The Sc^e^if^c Method" 
is ^-j use ^logical^ ^procedure that bae can . emplpy to find answers to ques= 
tions asked, in , an orderly repeatable manher • * * ^ 



^ ^ ■'- - Dov.yoti have to ba a trained scientist oj a geftlus to' use "the ^ ^ 
scientif ic method**?, The answer is : emphatically nd* The scientlfio 
method .±g basically an /approach, f or -iobser^ thingi-, 
.mach the'^'same as fdi^lowing fi recipe f6r bakin|^ a /cake . In this case | 
instea4-"*^i coming 6Ut with archocolate layer ^mi[sterpie#a, one comes out 
- wit h^^ mora-- knowledge aboiTt" how ^ things work ' in rtatuife or in many cases ^ 
the - way pyedple do things* \ # ^ ^ - ^ ^ ^ i \ ^ ' 

r ' . ^ ^ ^ ' : '.'^ ^ ^. . \ - 

i^^^ baking a cake, there are certain^ i^ms pr tools one works with/ 



~ \, $ueh as measuring .spooni/ the vcup, .a cookbook, the niiKer, and so forth* 
fijt^^;.*- When .working 'Wl*th the^ scientidC' method s wa have some similar tools ^ 
^/itiVf^thay Inay notcfbe tools ^yo'u^cari. hold in^ your hand , but in this case, they- 
^^^ls-^i3.^^I,i^e words or^.methdds' '"^that afe usedi^^ ^^L^ of these 

^^$*'^^^^ft:^ra&'^ a "sample problem and ap the ^scientific method .,to 'it * The 



£first-"^"thiig^^^ "a pro.blem^ '," This problem may be a question - 
p'^^ir/.MrusI^iJpr mayVbV sptive.thi'nf looking at" anjd ';:th±nR 




tabla ^ scrange looking device. (See the picture aC che right) 

- . ■ ■ . . ^ 

We notice this device ¥as iyme'thing like, a ihafc or l^andle on 
it, aboui six to seven inches long, and on 'th^ and of the 
handle are three sharp pointed prongs sticking ouc. Tha^ ques-= 
tlon is ^hat" is this strange looking item? , ^ 



' Now, we use our next tool called a ' " hypothesis What is a hypothec, 
sis?^ A' hypochpais is Just, the initial conclusion we may come to by looking 
at the item and thinking about it. We can handle the device, push our ^ ^ 
fingers on the endt observe it "in any way that we wish, "and based on our . 
thoujhts ' about it, and bur initial observations ^ we can come up with one V, 
or several hypotheias about what we might use , this'^'strange item- for, ' Af tet^' 
absarvi^ig it , we have come up wlth^ two' possible hypotheses ^ ; 



It may be some kind of comb to . use on your headiV 
Xt may be some item for spearing things, (We thought about 
the-jjossibility on tt^ bei^ig a back scratcher, but verv/qulc 
we .diec ided th e handle was too short for this use and .eiim'- 
inated thia possibility* . _ ■ * 



Mow the question ISj how do we determine which one of these 
otheses might be the coAt^ct one? To accompl±a^-th±B7^"wr have an 



" experl-fflenCTrproeedure to investigate in a logical manner- the use of/ 
^Is- device. In relation to the first hypDCKesls, the idea of It being ^ 
-so^e ki-ni of a comb, we will do the following experiments: d) We will 
ui^fcit 6n our head| 2) We will see how easily -we can hold the device when 
'we com^^eije opposite side of our head from the hand we are holding this 

3) We may even enlist the aid of someone with a heavy _must ache , 




■ 3et..jl. axpt^rimaacs .using^ chis"5t devica to tty^md:.^rBtr±&vQ items. 

We ^wtll do ^xperimencs such ai 1) Trying to scick this device Into-^^piece 
of woodt 1^ We will cie a string on the ^ha£t part .and try throwing the 
device like a harpoon, and lastly, 3) We will hold nhn device In our hand 

'and cry ' using'''lx-an__g£ft 'materials of mea't or ^small items, 

or ^Qod on a plit,e, - ^ ^^^^"^-=--^^ ^ 

' ' ' ' ' s 

Now we racire to pur scientific laboratory to carry" out these eKparl- 
"feents. Without: 'goirig''^dnto great detail, we will tell you the resulcs that 
were obtained. ^ In ralatiQn..tQ the cirsc set of aKperlmentSj we found that 
the sharp polncsof this strange device scratched our head; wa found chat 
the device was diffioult to hold whan wa tried to comb the other side of, 
our head,' and lastly, 'we found ^whan attempttag to comb a mustache, chis 
stra.nge device would gmt caught In our nostrils and cause excruciating 
pain* In relation to the second set of experimentSj it was found that 
the strange device was %^ary difficult to poke into' a' piace of wood; when 
we threw the device^ it did not go through the air well or stick into^ . 
t hini'&--v e tv^iijelii . -hoMe va : we^ f o ^d^^^^j^a==«r^e keel 1 ent toql for eating 
mea£.^r--orteT^Tw off the plate. Therefore, based on., these eKpari- ^. 
mental programs J and comparing the results with, our hypothesis, we deter-.; 
mine this device "is ^best suited to be used to .skewer small pieces of food 
and to be used as an,. aid in gating* We have decided to eall the devic^_ 
a "spoono^. (Even in the best scientific imfeftigations^ tnany tmas we , s 
msike somie small error in judgement)- • ; ■ ' •.. ' . • ' - 

Let -us stop for armbment and review the : points we have tried ; 



THE PPEC METHOD 

To use the sciencific mechod, we generaily will do the foliowlng 
sequence at operatiujnsi 



We will firsc define the problem. . 

After some thoughc, reading * talking to peoplk, or any other 
"^-mtchod off preliminary investigatiQn , we will determine a * 
nuab e rr^ o'i^pWBihh^- hype theses .^ or red Ic t io ns chat e o u 1 d' be / ' ^ 
thfe solution to our proiDleflu_ ' ^ 

We will invent an experimeiit or series of experiments that 
will enable' us to either prove or disprove our hypothesis 
We will ffompare the results of dur eKpe^riment^ with our; 
Initi'al hypothesis and make conalusions about the solution of 



^d; 



our problem. * 

\ ____^^0TE^-':^^S'5raitimei the results of our experiments may incon- 
ciuaive and we will have to go back to step (2) and start „ 
again.. ' ^ ^ 

in t ti e ui e of " t ha s c 1 en tiL f i c -m e t hod-^ in- tlie.^x 1m r rad^_l e ve 1 , we 




will normally work with one hypbthesis. The students wlU be required to 
^ • > X the problem ISi they^will then make a. prediction or 

. -_ guess wh^t trtay, think the= puccome will be, i,e* s they will detemine their 
-'^jTO^ h^^^ ithey will "observe what hrfppensv ejcperiment ^ compare what ; 

tj:^-- ^^?iHpp shs'i^iitH.. their predictions ' to see if they were- right or wrong con- . _ . 
S^SiS^yii I^i^l^S^^^ You use the scientific methods in deal 1^ also. - 

pSg:.:=:i^^i^ about what people do - and what they say ^ind: hypo thesizev^undejR 





s what condit land they mighc do or say something ais®. Ybu ^an than pui 

J' 

togecher a Little questionnaire or a small litcl^ skit and see what the 
students do. this, will be the scientific method applied "to social prob" 
lems rather than .physical science problems. Enjoy using the scientific 
' method. ' ' - J .. . - 




ERIC 



\ SCIENTIFIC METHOD 



Unit .(Approximate Grade Level K) 



.OVERVIEW 



This lasson, gives the atudents'eK^sure co the scientific method, 
(PriiTGtln^r-^^a.e^ing and drawing .conclusions) by having theni partici- 
ptfce in a "sink-float" ekperimant which^Ta^uir^ 

(1) guessing which objects will lloat and which will sink, (2) watching 



"Which did sink and^ float rTand than (3) deciding whidh. kijids of 

things usually float* and what' kinds of things usually sink, V 



LEARNING OBJECTITC^ ^-^-^— — - . ' . v \ / ,^ 

" . Kindergarten s^tudenta will:-: demonstrate an awarlni /s^of^ thS^j^ 
tific method ( guessing ^ watching arid deciding ) throuih participation' in a 
sink--f.loat experiment as maasured oft a beha.vio>jil_ohec^k^^ . by tha 
teacher* ' . . . ■ 



EVALUATION: 



7^ Becausje this obj active is concerned with "awareness'- arid not with 
knowledga r evaluation is doneSyvobservation of "engaged" bahavlor* To. 



snccessf ully meat' this ; obj active , ; a: student :Mu« .da^^ 
„^-i.._6tonlL^^ Th.a. e nciosad "^observation sheet Figure^ 9 - gives- 



mix . 



t^he teacher a tool for these observations. 





VOCABUmY 



if> i-gfi t jq f , g'irtk ^ f inAt , experiment 



EXTENSION EXERCISES 



The class can engage tn any "Cher kind of experiMtit" which 
will allow them to utilize the scientific method: Ce*g* what , 
kinds thin gs would fly best? etc.) ^ " ' 



• TheVclas s could move on ta :lmaBflj^-B^.-^d-^pply— &he-$ei^ - 
r' method to the plant- aspariraent. 

^ . LESSON PLAN /; : . 



1.' Jhls lesson will-work best if each student is- able to--direct4y^^^^^^^ 
' fflanipulate "the items ihvolved in the experiment rather than mere Iv 

being an ©baerveri It is best 'TO set- up ■the_cras%room 

- - "=*■■ - -■■V ~~ --■ -r- [ -- - - '■- 

^ every 2^4 students have a container of water and a; set of objects 
to work with^ * / " \ ^ ^ ' 



2. Introduce the lesson as a problam^ "We want to try to figure out 

"the-rula for when things will float and when chey wd^l sink; 
^ ' (This may nfeed a demonstration .of sinking and f loating*."^ - ^ 



S*^*- ^-3^ Have the class suggest some rules for when things- will-^' float /sink 



you can deaign a^workshaet which will allow .them to^^Gord chelr 
resUlC-s/ocherwlse have chem make a pila of '^sinkers'* anM\a pile of 
■*;loacars*" . 



Talk about whac was doner Incl^uda che collowlng polncs; 



X- 



Wa ware scientists — we did aKperlments. 
An experiment is a cast where your . - . 



« V ^* Guess what will happen ■ 

" ^^atch what doey happen, md 
c/ Decide If you ware corredt in your first guess. 

NOTE: It is also possible CO have the studant^-perform 'the 



experuaant comparing macal to 



w^d^ 



In other wordsi (a) GuesS; 



-If metal will float.. Gu ess, if wood will float. (b) Test/metal 

...... - ■ , » - , ■ . ■ ■■- 

pbjecci and^ test wood objects", ^nd (c) decide if you ware correct 

in yaur first ^esses^ . ; ^ 



::^::.r\.-:.'y..: -...nSm^ 'thB^ Instructional Bulletin of L*A* Unified School District ^ 
54 EC 483-2978 V ''"Floating and ^ Things" f or^axpanslon of this lesson 

^i.^^>;^-.wich ' activity sheets. 



■- See- "Clayboats" produced by the Workshop for Learning Things,. 




SCIENTIFIC >ffiTHOD 



Unit (Approxtoata Grada Laval 'fl) 



OVERVIEW • _^ 

. . xhis leaaon is dasignfe^d to allow the students to reinfocca thetr_ 
understariding of the scientific method through application of the scian=" 
tific method to an iKperJmant* Rather than creating an additional lassont 



^we will utilise the es^eriment in lesion which deiohstrcras/^hir^ 
importance ofi sunlight. to plant development.. As the lesson i^ presented 
ani .t he . ^xpM siman t.. p e tf o rmad ,^t ha _ teacher i ^ho ul d ^ empha s i ha step s cin — 

„tha__scientif ic method. 



LEARNING OBJECTIVE . . ' . ^ ' 

The laarnar/^11 apply the scientific method^ ( Guessing ^ Watching 
and^ ^Drawing Cg|iclu§4gg^ ) : through; making a picto graph and written^word 



r ac o r d" af a"^rif h"t~ffnd^aT^^^ptra c expe r xmen t . 



\ 



\ 



evaluation\ 



Encl©sed>^^ith the materials for lesson is a representative 



worksheet (Figure A-2) for , writing up this expartr mt-r 
.fstudant to (1) draw a^picture and describe in words nhat they think wpLll 



describe ii 


1 


words wha 


C they 


sea haprian-^ 









r- .*^i^ingj,.iand^-,(3) state yes or no^co whether their prediction was correct.,.! 




LESSON PLAN 



■1. i The class asked: "Whac do yo,y think will happen If a plant 

f ' 



Review Che scientific mechod. (UUESSING/WATCHING/DECIDINC) 



How wduld^ a sciencls^dacide if Quf guess about cha pLant needing 
sunlight, ia corTect? He/ she would sac up an experiment. 

Pass out the. lab-^teport workshae'Ts and*;define clia-eHperi^^ 



We will cover savarsl of the Leaves on this plant , with tin- 
£q11 so that i-thay_gan„get no sunlight , ^ 



Wa will need \tQ yateh it every day foe awhile, - (It may cake 
up to 2 weekstbefora you have signlfAeant results,) 



5. 




b. 



. e- We ^ill need-tp^maka records of the r'esul^ts. 

Record tha eKperimene on the worksheets, (Figure'' A-^U Additiojial 
copy of figura is contained in the ApplicatiQns Section, 

Observe the plant daily, 

:^Klir^7our-%Wnkdjhatyou\ hava significant rasults/record/ the 



conclusions . 




^^^riv -t*-s^i^s.~T -*~3Hr ' -".--^ 'V a 1 



w — ^ U' - ' 





SCIENTIFIC >ETHOD 




OVE RVIEW ' . ' ^ ■ / ' ^ " 

Working wich a deck of cards which describe the steps in che scien- 
cific mathods icudents will come to understand that there Is a -baiic 
sequence Co the steps involved in, perf oming eKperiment * These cards 
defina the process both with words and pictures as^ The pcoblem^ the 
prediction, the bbservation^ and the drawing of conclusiona. 



LEARNING OBJECTIVE - ' ■ ' ■ ' ^ - 

Students will demonstrate comprehension of the scientific method 
through correct manipulation of a card deck /which contains tliLe sequential 
steps involved in doing an experipient as obiep^ed and recorded by the 
teacher^ \ • _ _ ."_ - . .- . ..\ , 




- . 'j The teacher sift^Lv. has to oB^serJiejnd record the students who 
failed to correctly sequence the drfck. 



- - -^^ SPECIAL MATERIM.S \ = / ' : 

; ; • deck of Vaorting . cards . CFlgure A--3a; and A-Sby,; also 

in Appendix, A', .. ^ "^^ . - - , 





' EXTENSION EXERCISES ^ : ' ' 

- ------- — — - — — . ^ #■ ^ ■■- • 

• Have the scudenci design chelr om espeTiments, have .them 

draw ui series of pic cures (cartoo'ns) of "the various' steps"" ' 
involved^ (The problem, the prediction, ch& observation and 
^^^^ 6 che- conclusion) * If you w^t, it could be. aa axpariment on 

the mo«G._or^ gomeplafe else exciting; - ^ . 

- / ^ . LESSON PL^ ^ . 

I* ^ Pass aut the sheacs -coriCaining the card deck^ (Figura A^3b)^ and 
\i§Lvm thm students cut Qut the decks* . 

- - - - ^ , . ^ . . . , . _ . ^ . ..... 

V. , ; 2* Ask tliai^stud ants. M guess wKm^ tha daek Mpr^ajienM * - Establish 
— - ' --r-7T— chat these" are. the steps -in doing an experiments Have them (^itha*: 
^hi^^iil-' ' __^^5divyii^^y^0rJ,^_gr€^ 

£§^1 Is the "right orde^ of stepW" td parform an axperimant*. 

--r^-.^ - ■ ■ ■ ^ ^ ^ . . J. ^ - ■ . ."-^ • ... . : - 

" ^ NOTE I Yc^^may |ie#d tb JO thMug caf4s with the class-. This , 

' going through riia3ri include r ;ClJ. reading the big words^ (20 trans^ . '/ 

big worJSf i.e. predicting ^ guassingp- Jitc. and i^T 
: . eKplainlng just what is^ uiVdlyed ,in e#ch stap. - > 



/ 



Share tV;m answers of the .^^v^^ and than construct tha / 





ERLC 



m 



ERIC 





ERIC 



.ENERGY MD niFE 



Unit' S (Approximaca for prade Laval -"^K) 



OVERVIEW 



X' ThroMgh a combinacion (1) acting Ichirigs outV ,(2) class disGus-=« 
sionr and (3) \sitiging a mod^^^ q)^ "Old^MacDonald' s Farm*',^the 



gcudants will gain ah understanding chat ttie Jun X^s essential for life 



on aarth. 



LE^ItNG O^JICTIVE 



\ 



KinderBartan students Will demonstrata an awaren^iSS that the ;suri is 



asTOntlal to life through Barticipation. in a/sefies- of' dlaea activities 



EKLC 



as maaiured ;by . tha >teachar '^n a be 



iiavioral ^chiack list. 



X 



EVALtJATION 



Because this oBjective is concarne^' with and not '^ith 



: piQwledge^Vi'evaluatl observatic^n^^ "engaged" behaviot, toy 

^I '^^^^s^ ^meet chii bbjectiyes "a .stM^n^ must ^demons trace "pa^tlcipa- 



/ 



this' exparimentv The enclos^ obe'rvation -sheac gives the 



, t ion an 

^t^teach^r- a taol/cor . these observ^^tio^'s 





M^?X^^r~^^^''iawb :QV ■ f lashlight 
"^^^^IZIZ^ aight V "darlc; /Energy 



< r .:.iJy 



; ; - J•v•--.V^^i■* 




LESSON PLAN 

6hB scudant Is asked Co play the sun- He/she scands on a chair or 
cable with a light* fiVeryDna else is asked Co play people who are 
asleep*. Turn ouC the ^l^ights in the classroom. Have the sCiident 
who\is che sun p^ilnc his/her light on the ^o'char students who *"wake- 
up" and begin their day when che light is shining on themj and who 
go back to sleep when the, light leaves them. 



Have o Cher kids play the sun. 



Switch 'Cha ,c^asp Co playing stocks' of corn or wheat, etc. , Lat 
fchem grow a /little' every timm chare Is sunlight, bur' have them 



stop growln/g when there is\no sunlight , 



Play a "cdrn is gtowlng" game like red-rover See who can be the 
6^'sc CQiftii^stock to "grownup" when the light is shining,-/ child 
cin grow/dnly when tlia light is shining on him/hef ^ . If he/she : is 
caught f^oving wtthout su^ttghtT^he^^ has to go ■back Co -being a 
seeV 



DisciisJ how sunlighfiv effects usi 




warm 



see 



■ iy '^y^ .grow - 1 

............. ........ ....... ^^^^^^^^^^^^l^^^ 





and have the class ac\t it out 



EKLC 



Here ts chfe tfext ; 



(Chorus) 

Old >IacDonAld hal a fam, " , ' 

'^1 ' eae iii eee iii oooo, " 
And^ on^ bis farm there was sunshine everyday 
* eee iii eep iii ooop. 



The sun 'shone on some happy pigSs 

.eee" iii eee iii oooo, 
With an o ink p :oink here and an oinki oink tn 
/ : e^ee. iii eee iii oooOi-^ ■ 

(Chprus) ^ ^ 

The is shone on some Vgrowjlng wheat ^ . 

eee iii eae iii oooOj *" ' 

^Wi^jL a ' (wind noise) here and a (wipd noise) 
eee iii sit iii oooo, 

(Chorus) , > 

The sun shqrne on some smiling cows-^ 
. ' ^g-^ ii i eee iii oooo, , 



With a ha -ha-mo^-4ie^re and a ha ha moo there 



eee ill eee iii oooo. 



(Chorus) 




The sun shone on some flowing Jcre^ks, 

see ill see ill oooo, - = 

With a gurgla, '^gurgla here and a gurgje, gurgle cheres 

aee ill see iii 0000, ; , ■ ■ 

' The sun ahonw on some Bqueeky sjqulrrelSi , 
- - ' . see .ill' see 111 oooo, ^ ^ . / ' 

Wich a sqtieekt' rfqueek here and a squeek", squeek cheres 
eeei ili eee ill 0000, ^ ^ 

The song can go om using additional clucking chickens s quacking 
ducks, and any n^ber of ocher barnyard animals and sdimds you may ^hink 



Ot , 



Af car;. the song, discuss with the students how the sun makes 

things groWjNybofch things that grow in the ground and-animaia ; 

^ ' L , ■ \ / ; ■ - ' _ _ " . '^^ \ ^ ■ ■ - ■ ■ . 

and hbw we .could ?not live without it* i 



SPECIAL NQTES- ^ " | ^ ^ / ^ ^ - . - \ 

In. addition; to ,the son'^, tha teacher can call the students' at ten^ 

tton to things in; the class that need the sun such any plants, animal, 

^ ' ' \. ^ - ' - - 

or students that piay be in thfe class. The students could be taken dn a 

. " I ■ . . - - > 

short walk outside to further look for .thingS;= that, need the sun to .live -~ 



ENERGV AND LIFE 

Unit (Approximate Grade Level ?>J.) 



^ QVERVXEW " ■ . • ' ' ■ ' — ; . 

This.lasson ai^'>ws'the scudemts co apply the 'Scientific me c ho to 
In eKparimant which demons traVas h^w the sun Is essential to' green plant . 
growth. The class will fill out "lab-reports" on §n experiment in whic^ 
one leaf of a green plant is covered with tln^foil to prevent its recelVp 
ing sunlight. Through: a eombiriation. of words and. pictures * each itudent will 
record his/her predict ions ? observations and conclusions (Figure • 

LEARNING %BJ£CTIVE ' ■ ■ . - ^' . ' ' 

. . ^ ^ __ _ . _ _^ , ^ ' , ■ . t .. ■ . . " 

First grade s t udent s\ will d^onst rat ^^^^ sun Is- 

asienfeial. to plant life through p^articipat ion in a piant-leaf exper^ent 
which wiir be observed through . their completion of a "lab-^repor\, " 



EVALUATION . - ■ ■■ ■ _ ' . ■ 

As we have noted in lesson A^* this lesson serves as the completion 
of two obiectives: (1) in mastery of the .icientific methodi and (2) a 
khowledgfe that the aun is^ essential for green-plant growth* Both of these > 
objectives will be evaluated through the xab-^report work sheet. To m^et. ^ 
-abjective A£» the conclusion statement n^st be. that ■■Plants .need iunlight.'*,. 

SPECIAL MATERIALS / 
# L green plant - 



Aluminum foil / — 
tab-report Worksheets 




r-^^dfe^^x-bScientis t.^jtK^^^^ » ,«9,b serv^^^ ^ex^e r iment , _ co nclude 




EXTENSION exerclses ; ' ' ' 

' ;• ; The clais could see how plants grow undir " coldred light by 

' . puccing cQlored celloohane over the end of a. cardboard box, 

. . and growing Che plant in the box, , , 

. ■ . ^} ^ , • . ' ■ - 

1, , The class ia askeJi "What do iyou chink will happen if a plant 
^ 'doesn^t get, simlightV- ^ ^ ^ v \ / 

2*. .: Revi^' theVgcletitiflc method,/ (GUESSING/WATCHING/DEGIDKIG) 



How would a iclentist decide if^ our guegs about the' pl4nt needing 
sunlight, is correct? Ha/srfe would, aet lip an e^cperimant . 

Pass out ttoe lab--reporfi workahaats and def ln# the eKperiment (Fag-- 

are : . * ^ 



We will, cpvflr several of the leaves on this plant with Din* 
". foil so that thfey can get no sunlight, / ^ 

b, We will need to watch it every day for awhila. (It^ may'^cake 



. . -ENERGY* i^B-LlFE 
Unit i' J (Approslmace Grade Level -/Z) 



OVERVIEW 



^ In lesson. Che studencs observed a" plaM 

recorded the data on a simpla worksheet. In CM 

will repeat . that lesson ' with twc changes : (O They will perform the ^ 
..expertientf far 'themselves, and fJ) they will cover .the whole plant and . , 
not just one leal;. ... . , - . , . 

LEARNING OB JECTIVE ^ ■ : 

Second-grade students will demonstrate kniwledge of .the sun's 
; assantial ralationship to all grean plant, life, through partici^ati^ in^ ^ 
; a plant-light aKpariinent which will be measured by nhelr eompleEion of a 
' work-sheet lab-report. . ' v _ ;^ ^ ^ 

V EVALUATION . v : - ■ V 

As_we have^ noted In lesson A^j, this lesson seryes as the compl^tipn^ 
of two objectives: (I) in mastery of *he scientific method, and (2) a >^ 
^ knowledge chat the sun is essential for ireen-pltot growth. .Both of these 
" objVtives will- be evaluated through the lab-report work sheet. To meet ^ 
'i objective A , the conclusion statement -must be chat "Plants need sunlighc.^,. 



" MATEAIALS 



a^'J^Jr^^'^'-'"::"^:- •V:^ 5 or 6 small houseplanns* ^ ^ 



VOCABULARY 



Sclanciftc, prediceion, axperimenc, obaarvacion, conclusion, .sun, 
solir, photosynthe-sis , research^ ' ' - " \ 



EXTENSION EXERCISE 



Studants can see if plants naedt a#Ll co-Lors of llBht, by 
.giving the plants a single colorad light source either by, 
■ putting them in a closet witK a: colore^ bulb , or by grQwlng 

them in a box with colored aelldphane* 

^' LEilbN 6LAN ' 



If possible, review the class | eKperlence with- lesion Aj (last 
year's planc^leaf ascpariment) • 



2. 



Review the scientific method . (see A^^) 



Introduce the following problem! We are going to \design an experi- 

\ 

menc which will let urn see if all plmts need sunlight in the same 
way, - Let the class help design the aKperiment, 



4.. The bas^ic, design should be as^follows ; 



A team of students will be responsible for eaci> plant 



5- The ,alas.^ ihouid use che Iab=forms,aiid fill out cheir predicti-ons 

for this eKperimant. (M^sc peopla will predicc chat the plant will 
.dU and wither; actually it wilT probabiy get taller and grow vary 
' white * ) . J ' r,. 

V ■ ■ ■. ■ • 4- 

^ ' - _ ■• 

6. When you have monitored the .e^erimenc, compare^ the- results. Do 

different kinds of plants and how they react differently. - - 

7; Dlicuss photDsynchesisi how plants turn sunlight and CO^ plus 

HO into food, - , - . , 

SPECIAL NOTES - _ ^ ^ \ = :^ 

^ The research taims should daily obse^e>their, plant co see^Ho^L^i-is 

doing* 'Thar a is the posaible dangar of eventually killing' the entire plant 
if the eKperiment goes on for too long, a period .unobserv'ad. It should be; 
be noted that ^some plants have a much batter ability to survive in dark- 
ness" than others* i.e. the differanca wean outdoor and indoor ^planrts. ■ 
Leave room to add plants later. , , ^ ^ 



Unit B^^^ (ApproKlmace Grade Level ^3)^ 




Th€..scudancs ata shown how the ^sun's energy may be used directly or 
indirectly in rttat^n^to^^roi^tain on earth. A special iet o£ 

cards are ucilised that^ will allow the students to datemine either that 

, ■ ' . ■ ;\^■ : ^' --^ : .: - - ■ ; ■ , . 

che card illustciees a dlract^'U^^ an Indirect Use. . ■ 

• LEARNING OBJECTIVES . ■ ' . ■ . ■ ' ; - " • 

. Third grade Students will damonitrate knowledge of the aisentiar 
relationship of the siin_ to all l^fe forms on^earth and demons tr'ate"'^^ — 
ledge of the difference between direct use of the sun and indirect use of 
thfe- solar energy thru accurate card sort bet^en direct dnd flndirec 
; dependence as recorded on a tm&cher'g checklist, ^ : 



■ The^ te^ and recprd the number of students 

'whS. fall to V^ort cards correct ' ^ . 



Filin scrip "Life Depends on Sunshine! 





'IV .scare' 



i?ith Che quest 



LESSON .FL^ 



ion* "^^o had anv sun fo'r breakfast this 



/•»- 



/ 



7 

/ 

& 3. 



mo/rning?** yhen. someone answers I did establffh what chey ate 
their sun in*" (In which -kinds of foods) \ . . : 



Show Che filmsirip *'LIFE DEP^S ON SUNSHINE", 

"""" "" 7 " .'^ . " 



Give every student 'six ^ x S^cards (blank) 



Draw big 3 K ^5 cards on the board, and trace an energy chain.. The 



sun,^ CO a plant, to an insect, to a^birds to . an animal j et^. 



5, Have every student create their eneriy chain and: draw it on the ^ 



\- 



. , six cards. 



1. 



Have the students trade cards with so^neohe' else and. try to put th^ir 

V" ■ -. 

chain in order, , , , > \^ g 

Have ^^ he students play a game ofi warp : where whoever is closer, to 
the sun- s original energy Wins* . ; . - - 

Reverse the rules so thate whoever takes energy ^rom/ the previous 
source wins . ^ ' ■ * . . \ 



THE SUN^ MRTt AND WEATHER 



Unit B^^, (Approximace Grade Laval ^M) 



OVERVIEW 



As a classroom 
.make a small, hoc air 



d^mohscration '*bri a group aKparimenc , che student^ 
bailoQn to sfcud^ how warm air will rise. .Then in 
other group experiments oc demdnscrafcionSi the students will- See how ^ \ 
water can take 3 fonasj gaseo4s, liquid, and. solid. ^They wilf^ iS^^o see 

and can be j^adp to; condense * ^illustrating ^chat warm 
moisturt In vafpot form than can cool slIv , 



how water avaporatei 
air can contain more 



-..E^ING OBJECTIVES 
, ' Jtuderits will I 



Ja intrp^ced jtQ basic, cohcep determine, the 

.weather on earth-. Sdudentsj wlli^)^ ra-$mph^siied the cdncepta of light 
TOining at . direct or oblique jangiW to ■changa the :ener^" per .unit ar^ea; ; 
^stttd^cs .will" be shown; the ^sttcs^ of how "warm ^ir ^is^ (the- drivtrig ; ^ 
force behind the wiM pat terns /ori the eajcth). and students, will be intrp-^^ , 



duced tQ the concept thati the aAr can contain moisture 



EVALUATION 



A, 




The- s tudent g ^- i^l^p^ "d'eroWTOa te a taiowladge „ o£-- it he fact that warm ^_ 



air will rise and that.Lwarm^aij. 



-^-f^m than.. can coql air 



The s^!:tLdents wili demonstrate_ an\inderstanding \ 



can^ contain more moisture in a vapor 



SPECIAL' MATERIALS 



A can of. scarno f-uel; 

A large glass 

A imali. sauda pan 



A 'Qwo pound doit BB^ dan. 
Soma *paper clips ^ / 
Jome ice cutiefe> . / 



(Optional) A lar^a light bulb or .a heat lamp in | a socket, j 
attached ta^a clkny (^so chat the light bulb "may 1 be clipped 
CQ thJ back oc/a chair*) - . ; 

A light weight large plastic ^ bag (su&h aa a .:dr^ cleaniftg ' 
bag with NO ^OLIS IN - ^ /■ ' p . ' : - 



VOCABULARY 



Sdlidj Liquid* /Vapor, Evaporatfrs Cnndettse' 



■LESSON PLAN 



v# ^l^e t^Scher sheul^' review and^use informacion,'c&n|cained. in-G^^j 



xpnm'.BtiBQt of^/ cne earth "S cilt on tha iambutit an^rgy/fluK (chac is 

■ ■ ^ ^ - ^ ■ , 

ienergy per\^ni£ area) that is reciived on earth rf. The /taaeher will p6se 

! " f \ ..'/ ^ ^ ■ ^ - ' . - / ■ ^ - ' ^! — ■ .V , / ■ ■ ■ ^ : ' 

the Question co the studants# '"Why ia it :xhat Ehe. regions a'jound the 

:i ^. " - A .C ^' / : . ' \ ■ . i' . ''- ^^ * ^ ■ ■ 

4quacor. cotitinualiy get hoctaif ;and' hotter^ ind^ thosa aft" the poL#s. get 
^CQi^e^,-ati^^ colder ? ' (Heat ^^nergy .is trans terr-ed between .che^olSts .and 
^^|^;-v£ft"| :wihd/:Mocipni ^and dcealn cu^ 

;f rom^ the equatorial reglcii to.^ Is * 

»^iV4^rivga^ ^warmer moisture laden air ^in^ t^ie^^aqukto ria^ -regibn rising,! -^^^.f-fr- 

Qir quia t iomr;>5:i;;?^. 




i 



jir rises. The teachar may* suggest chat the class conduct an experiment '- \'.. 



i^ith a small hot air balloon to prove this to theraselvas, (In the'alass-- 



j- 



poom^ the air at the ca.ilirig ; is. warmer that that at the floor.) 



ACTIVITIES . ; " ^ ^-4 ■ ' ' \ ' ■ • ■ ^ ' V ' 

. (^Optional) ' — To furchar anhance the concept of . anargy being spread 
/over areas when it does not come directly normal to the surface, the'* ' _ 
"following optional' demons trdtioria can be 'carried out.^ . . " 

• ^ Attach the/ l^p hp Ider to: the ^abk of a dhatT with m ^h«at / 
^ * V tamn' acrOTed. in* ^ ^- . ' - ■' 

Aim the lamp= directly outward in horizontal line\ ; ^ ^ 

"^tum on the lamp* ' ■ '. r^^--^^^ ^ . . % 

. Have students put the i^ hand approximately 3| cp 4 f:t f rdm the- ; 

larips fi^it' with their' hanis at^-right angles "to the/flovr^ bf ; ■ 
' che l^p^ind then tilting their hand^ away* .._ , . ! =^ v^'V 

*Haye the students observe whan- their . hand' is the /wArmer i i.e ;»: 
rfeceivirig the I most heac energy * . This ; should occur when- theit^^^^ 



'hand is ^erpei 
lamp^ / i ; ; 



dicuiar^ to the lines 



of . rays^ coming from' the,. 



*Wa3fm Air is Less. Dense Than . Cool Air and . Therefore Rxko^s '^^yir-^-^^^^^^^^ 

/m' Take a beverag^liqan opener, "church key^* and □^^^fcfijfej=If|id pfq^^ 
, ,;^;./;/.^/':thp^^^^ not b een ^pjsned yt'pu>jrich-j.a:;S 



■^^^.t0d-^^<Hdi^-,.^s''''^^^ -i;. \ ^ . ' '/' J - ''^"-'•■■--? V3U'^^^^^^ 
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ERIC 




ERIC 
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PATH OF LIGHT 
FLAiHUGNT 
MOVEMENT 



HiGHiST POINT FU^SHLIGHT 
RAlSgD TO I 



WINDOW CUTOUT 




: 12 . ^ave Che students/ observe chat lijht .;Will shine in through the 

wmdow during th/& morning hours before' noon time to heat the homes 
btiC do not afte^ lunch! (The window facing east wllX'not, see .the 
sun in the afternoon 0 _ ' \ ' ' 

e House-- 



13* Rotate;^hi 



box so the window side' is on the yest • Again 



have ttre=^un^ peTSon rise and set the' sun . Note now \^hac che^ouse 
^can -be=^erfred^.in the hours af tfer--n©on* (Because the water vapor , ; 
content -of the /atmosphere Is great;er in &he morning hours^ Che 



Buc .the effUcc mighc nocj be io bad ^slri:e Che dlrference berween 
./the cemperaclure Iniide a.kd oucaide oi i houfee is probably less in 



imime 



r ^han in wincar for many parts o: the \;ountryT=^ 



16. 



Heac Inpucs cb the house will be Chrough east yindows tn the 



morning hours land chrough wesc windowsi in the afternoori period, 



17. 



Pose the question, 'how can we stop some of the sunlighc froin 



^ getting irtto the house via the least or west'^'^windowa? . The 



■ ■. / 



discussion may be stimulated by asking about drawing shades or 
drapes.* Show the students the piece aluminum foM* This 'can 
be^jisad— t-©^^«41ekt ligh the window Wack out 

again/, '-to illustrate this7""ghlne' th^e flashlight intoi the foil 
placea% in the window cutout' and observe hoW the light lis- reflected. 
Wlnddws can be Specially treated with so that they act! like a par- 
tfal slrror tolreflect some of the Isunlight that ' shines In, Many 
/modern buildings are bullti with windows of this hype 



Have a student hold upright a pencil In front of^ the west windows""' 
like a thin poie\ just outside the =wlndow* Have the sun person rise 
and set,' How much light dld^ the pencil keep out of the ^ouse-box?- 
Very little. 



Have the studanc now hold che "crae" in front ot^ che window- md 
rapeat the aKperimenc. The cree will do a 'good job of shading - 
che window from uha Sun. This .illustraces the use of dicidueoua 
traaa. During juimar Che leaves will shada, but in wlntar che 
laaves fall off, and allow Cha major' Dortig- of the sunliihc to 
shine into cha house* , \ 



2L 



22. 



With the window of cha houie^-feoK_f acing south* have cha sun 
person put tha flashllghc at che^iame ap^p^^roximate summer noon 
position used in che previous experiments* Take anocher smaller 
piece of flat Gardboirdj and 



0 SUMMIR HOOT' 
POilTlON . 




slowly slide It over the top 
.of the house-boK as an awning 
or overhang until the summer 
noon sun is just shaded f rflm 
the window. . ^ " * . " 

Now holding the overhang stea^dy, have the sun person place che 

flashlight to winter noona The light should again shine Into 

the window*/ This illustrates that If aii overhang or aiming is 

correctly placed, It ^(?an. shade the southern window from the 

■ . - ■ , . .■ ■ ■ _^ . ■ 

m^r^EunS but 1-et; the winter sunlight shine in to warm the house 



The final- experiments will illustrate the concept of' "thermal mass", . 
o^:"che Storing of: heat coolness* . ' . ^.^^^^^-^^-^--^^^'''^^'^'^^'^'-''^ 



Make a bceadboK oven using the tiachniques of lasson F^^. Put 
nothing in ic axcepc a chamomecar* Puc che plascic wrap over 
-it and puc tz i.n zha 3un in such a manner chac you can still see 
iha thermoniatar . Aftar che cemperatura rises to over IQO'F, cake 
the food keeper out of che iun, but DO NOT open it* Note the time 
.iC' cakes 'to drop back down to room temperature* 

Mow repeat the experiment, b^ut instead of an empty food keeper , 
put In a black painted bottle full of water-. Again, put on the 
plastic' wrap and place the thtrmomater in- it so you can observe ' 

. temperature. Put it out in tihe.sun? It will take loniger now, 
but again, wait until the internal temperature is ^ver LOO^F. = 
Remove.it from Che sun without ppenlng it, observe the time it 
takes. for the interior to drop. back dora^to room temperature. 
It should take longer to cool, just as it took longer to heat. " 
Heat energy has been stored in the bottle of water. After the = 
food keeper was taken from the sunlights this stored heat enerpr 

.kept the interior wafS. This is ^Imilar to what happens in yout 
home*; The concrete slab or fqiAidat ion • that the house is built 
on; the walls , furniture, ^tc. dll Heat up during the day and tend 
to keep the house, warmer for a wW longer at. night. Many .solar 
designers will build into their houses massave walls and floors i 
ojf^put^li-rge^^^CTTnrc'iTners of water in the wall to provide extra 
heat' s:Corage in their" ^homes, ' ^ ' ■ 



SUN AS A RESOimCE 




One a f the problems in the use of aoLar._enargy is chat it is not 
a eonstafit risouree. Thm maounc of solar radiation reaching a partio-^ 
uimr area on earth depands upon the tima of the year, the loeatiqn on 
earth and the local weather eond it ions. The illustration below shSws^ 
the geometric relationshi p betwee n the sim and. the earth* The earth 
revolves about the siia in (a nearly clreular) an elliptia arbit. In 
the jJorthem Hemisphere the aim is closest to the earth during the win- 
ter t lie and furthest during the sumer ttae. The question whiati arises 
^ . . . ■ \ ' ■ . ■ ■ 

is* is it colder la the winter than in the^'suTOer? ' This question ^ 

is answered :by raaliiing that' t^^ earth is tilted to the orbit plane ^ ^ 
by about 23 degrees, Referring to Figure it may be observed that 

as the earth goes about in its orbits the solar position in relation 
M/^the^ as a function of .the season* In winter i tne 



appear^j^^EB^^jL^fifli^ equator p and 

north of the equator in nwmmT ^' As a result* the sun is in the sky for 
a Ipnger perlad of ttnii ia tha Sotthern Hemisphere during the si^mier , ; 



ERIC 




mad Eharefore, we are exposed co a larfer Xocal aMtrnt Qi 'MMt^ thsn ^ 

... ■: ■ ■ ■ ^' " ■ \ ■ ■ ■ 

in the winter eiiaa. . \ 

In cha Los Ang©les area, the latitude is aplproximately 34 degraes 
north* This qe#ns, if we tilt a horizontal panel coward the aouth at 
the latitude angle, it will be at right anglei to the gquator, (see 
figure If we want to collect . the most solar ener^^^ver the whole 



year» the panel would have to be 3ved continuously to face che sim. 



However, it has been found that by filing the -panel at the latitude 
aagla plus, about 10^! ^^to 15^ and facing due south w^ can pollect en^gh 
for lapst purposes. In Los Angeles this would be a tilt angle of 43; 

to 50 degrees^ ^ 

:■ ■. /••-■•-. ^: : ' v/ — . . ^ - ^ - ■ ^ ■ ■ • . - : 

'tte solar snergy reaching us on the surface of the earth is also 
^entridlrt '^ the atmosp thrtugbv^lch it must pasSi The watier- 
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vapor in Che air ta tha first l»000 ft or so alcicude atfecta th^ amount 

of mnrnvgy raachinf cha surface* .i^acer vapor Is mora dispersed in the 

' aft srtipon . Chan in cha morning. As a resuXCf we aan obcain larger solar 
inputs in cha afcernoon cime than in the morning cima* 

If one tries CO aaoount for. all of the parameters ; involved * the 
prediction of how well a solar energy syateBi will fimbtion can become 
a vei^ complicated problem. However »: in general, it is aiatmed that 
» we have clear skies* Then on^ can refer co 'tables for the "Iniolation" 
, ,(lnaolat ion refers to the'a^imt of solar energy striking a surface 
area, i,e*, solar, f Iuk) . ^ 

. / ■ . . . ■ ' ■ 
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, THE SUN AND ITS PROPERTIES 

The sua W a scar aroimd whleh the earth ravQlvaa* It Is one of 
mbaut 100 bllliQn states in the Milky Way galaxy. Hie sun is special 
CO us tieemusa it is much elob4r than any other star and provides heat 
^d light iieceasary £or plants and animla tor survlva« the aim is the 
s\urce of ail li£e on earth* The next eldsest star to our sw is 
^C ontatir i^— ^It is 280.000 ttoes as far from the earth as the sun* 
D26 crlllioQ miles) ~ — ^ 



'^Ihe sun Is a ve^ larg^ object* It 'is 864,000 miles In diamatsr, 
lOS tlTOs the diameter of earth. Mare than a mllion balls the size 
of the earth can f it^iJiside of it . - 

■ -_ . - ■,■ - . m .\ ^ . /---^ .... 

y aver the earth to the- sun is 93 mllion miles . 

Beaause the earth's ©rhit around the sun is net escaetly circular, the^ 
earth will be clever to the sun in winter, 92 million miles and farther 



from the sun -in s\szmier» 95 million miies. 



The sun at the center of the - sola^^ system ^ndiall-planet^~ 




revolve around it?l||ljPB mass of - the sun is^^also^-very large, 300^000 times 



^ > _ 27 

fflDTft' mad~3lv€ than the earth. It weighs about 2 octillion (2 x 10 ) tons. 



AS we knew* the sun shines with its omi light and givas off its own 
heat, - We teceive some or che Light and heat as solar radiation* Nearly 
all the light and heac or the sun is amillatf," or given off, by its surface. 
fKis is called the photosphere from the Greek words meaning *'light" and 
"sphere"* The average t^peracure of the p'fiotosphere is abouC 10,000 
degrees Fahrenheic* This is hoc enough to melt aver^f known substance 
« and tarn' them into gases* Thus*^ the iun consists of all gaseous material, 
'net solid or liquid material ek'iscs on the sun. The photosphere is very 
aative\ eons tantly changing as gases risfe and fall on f-ts surface^ Look-* 

closely at: the sun's surfaces scientists have Jound many light dots. 
This appearance- is called granulation and is believed to be caused by hot 
currants rising to ,the surface of the aun* 

Other phenomena -occurring on the sun's surface are sunspotsi faeulaa, 
floeculi, prominences p Glares, and the corona. Sunspots are dark roundish 
spots appearing on the sun's- surface.-- Thay* look'dark only because they are 
not as briiht as" the ^lih surrouroling them^ -^If you Sbuld view a sunspot by 
itself, it would^aEP^ar extremely bright; Often simspots seem to appear in ^ 
great numbers in some years and few' numbers irf others. About avery eleven 
years,., a large number of sunspots can bei seen. This pattern is called they,..-'>^ 



ll'^year 'cycle ot sunspots* Astronomers think sunspots'^ are .holes In^j 




Faculaa pmc^hes of light that appear brightar than the photo-' 
iphara* they usually appear around lunapots and are.^ajieved co be rising 
»aurrents of hot gasj probably thi^ resulc of the sme IgBsmm causing 
sunipoca. ' ^ 

Like the earth* the sun also has aa aCMSphsre, It is much less 
dtnse than the earth's atmosphere and 4^ difficult co observa beeaus© it 
is hidden^ by the amah brighter light of the, photosphere, ^e sun's atno- 
sphere ia made up of several diff erent layers * The chromosphere is the 
first layer^ about 9*000 mj^es :hick* When photographed the ehromosphsre 

appears a bright reddish pta The chroaosphare is sool neilxthe sun's 

= ^ ' ■ . * . ■ , ' 

siirf ace , a tittle less than 10 ,000 degrees Tahrenlieit , hut ' Vs^ we ' get 
f artKer away from, the siKis t^pperatures get as 'high as 36*000 Jl^raes 
Fahtaaheitt< Astronomers al clouds m the chromosphere 'tThey -.^ 

iire aalled Plocculi^^ to he the upper ^arts -of Faculae risings: 

fTOtt -ttie sun*^ isu^ Thtey ars usually aboyijir^,nejir 3unspoti 

_.:.^::^^pT?rtffi art giant flames eKtending J^rotf, th surface the sun*: 



tliay s tr out into spa^e ;f 4r ^more^^^an 2S0 i 009 mles a t : times * The 
gases iusxiaiiy f all bMk foto the^ sun; to a cur^d path* ^ 



There . i^/ also an erup tion on the sun * s surface cailed-. a solar flare ^ 




Above thft chromosphere l^ies the Corotia extending millions* of mile^ 



into space. ^ It is made up -□£j alectrlf iad particles thac may/«Kten3 to the 

■ ' ' .1 I ' 

earth and beyond. ^ , / 

The souree of all the rtin's^ surface activity lies dstp within the 
ctm. Here atoma are packed so tightly together md ,are sp^ hot t^t ruiclear- 
fusion reactioti occurBr ^ In a nuclear-'fusioji reactlonV thi. nuclei of two 



T 



or more atoms^ joiri tbgecne^ producing a Jiu^ ampiiiiG" of light and^eat* 



/ - 

This occurs at around 27 million degrees fahrenheic. The light and hmat 



"/ 



caused by the nuclsar-fusion raactl^ons occurring in tk§ sun is the gourca 



of the auti's energy ,\soWr enferjy. Only a small aroot|nt: of matx&r in a ; 
fusion reaction produc^ a\larg6^^^^^ is very / . j 

la^rg#-=rt^wii^-^kS^ep burn jfor Bill ions Qi=-y^acs before it will ruri out v^. 
of ..its nuclear .fuel. 



/ "^^ produced by ntyileat^ fusion reactiohe -in the sutiVs d©r^^-^: 

iiowa: diitwtfrd: pr^ would cause the^ sun td 

fiy Apart ieicep kliii of force, hblding fehe'^ur. together*^ this 
is . ttjSie: f o^ce «5t g bala^cas^he^^ftrce pushing oupwarfl , / 



4 



kMninS thie^sim the saaie^^^^^^^ ^es to" its huge nisSs the sun's gra^ta^ ^ r/ 
tioti4i;.,fq^.g);:^^^ s&.?q|^ their 'b^r 



all "df'itKe' l-in® ts; it- as^r^^ell . 
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^1 



reaehes' ch# earth, it ta still niore than suf fir. lenc co saclsfv all our 



, It lij believed thac the solar act ±^ oecuftlng bn the sun is 
dipiccly tfilactd with -aarth weather coridltJons. The %wpt ions at flares 
asd eiectr'lcallV charged partiales of the sim do havfe an if feet on: radio 
traasmiiaioa. There .exists a eoritinuous flow of charge partieles reach^ 
g /ttie earth/ believed tq hm part of che coronas^oythg out in dll direc^ 



ti^o;km ^ ini±^ coat i^t^ous flow, unllHs-c-ha sudd en bursts c^iraed by solar 
:frup€tm^---t^- oa^led the solar ^wind.^ Thus the, sun orodilces .energy 



i- 

Isr bg th pai^t iaulatLa ^ radlat ion (elaetTonSi ^protons aid neucrona) 
aad i ^ MQj^^ti^mtjjq j^Bdxanim* Ths- paitieulate ;radiati^ eoiwsQnly 
calljp^d the : ''Solja^ The electromagnetic ;r^ 



^proY tdea /^Iie 1 
Qmltflfedi sblag en 



WSf f ^ Xrfv 6rd#r ^ that this ener gyvreaeh ; ea|rt 



^jii app'^iojcimatj' 



bricbnd / or I86jj0 DO milas/seqond it takes 8 m^utes tb traLVi 




Ligt(c eonsi^ts o^ visible lighf which can be sefen by . the / 



!!aplar Radiatlbn** and ' it Ji?s this- part tiC 
ght^^n^; liiat f or utf oti^ earth. V Inergy from 



unlight/' that 



the sunn is/ 



lis ii^ttusPi tra-| 



^93 million milesv Sinae lighi: trials at 3. k 10'^laeters 



v8i 



1 f/ort 'thai 



^ lon-visf^e light . A large ^port^ion of li|ht' ^miCEWa^ b^g/ 
:Ae visable rOTgej while^sniai^^^ portion^' :.ie. in/- Invtg-^if.- 
'ibi^^^sS^S^ii^i^ o£!/i^^j^lbla:;;]!lght. canvb^:^ai^ pi^ 



^ Ocher types of light ara radio waves which are used for comi^inlcation, ^ 
K- rays and gatma rave which ar*?. absorbed or reflactad by the earth 'i 
aswomphmtm^/Thm different foras of light eaetgy ^hM ;We have discuised / 
hm diicribad By their y^avelengchs or f '^bquencies. Light In the x-ray ' 
" or gamma ray range have high frequencies or short wavalengthB* Light in^^ 

■ ^ • . • ; - . ^ ■■ ■ ^ - ^ , ^ ■ ■ - r . 

the radio wave range hava.lcW| frequency of long wavel^gths* Frequency i 

^ r . - ^. . . .a 

r> ^td^ /^^ve l en g tha ire usually ' 



i^ uiually measiired ln# '•herti^^C^ 



^8 



Measured in centimeters or "AAjstroms" (an angstrom is 1 k 10^ c^). All 
/light liil sailed the electtomgrfetic spectriim. - 



|ac is caused , by infrared" radiation as it\ strikes /ehe earth* a \ 



[ ^iiurfaeel >Ihis heat casino leave thie / garth's atmosphere /easij^, becdi^es,:; 
^ ti^pp W Ky the atm0S|ihetf«;\and:^warm^^ ^o' bAsid t^eciis^ar^ 



foCT^olf , ^enir reaali 6ha ^a^th; heat 



^e-liic^-%i#ebus-,matftrlals that^ 




and li^t* 



7 



nake upTHe sufi -^ohrf is t mainly --^^^^ 
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-TOE SUN AND ASTRONOMICAL RELATIONSHIPS 

icudenc Reader (4ch - 6ch) 



^ * We know th^c Che sun is a scar contained in the Milky Way galaxy. 
But why does it seem to shine io much brighter Chan ocher starsJ How 
big is Che sun? What causes the earth co be colder in winter than in 



To begin with, let's think about the size of the sun. How big Is 

> • # ■ . - ^ — ' — 

iti It turns out that the sun is more than 100 times as wide as the 
earth and more than a million earths can fit inside of it* If, we 
imagine that the earth is the siie of a mrble, then the sun would be 
4% feet across* a vmxy.. large object indeed. Imagine having a marble* that 
size! ^ 

We also know that the earth* is about 93 million miles from the sun, 
which seems like a very long ways,;: But compared to the next nearest start 
Proxloa Cen^tauris this, distmce is really very short. Proxima Centaur 1 
lies mora than 26 trill ibn^mlles away from Earth or 280,000 time farther - 



than* the distance to our sun. This explains why Ipt is not as bright 
as che^sun. If we stood one, inch away from a lamp representing our sun, 
then the neKC nearest lamp, representing our nearest star would be 4,4 
miles away^, and therefore, far more light is received from our sun than 
any star. 

The earth rota.tes about its North^Sbuth pole axis* and it completes 
one full rotation in 24 hours. The earth not only rotates on an axis, 
but it also revolves arotmd the sun,. One complete revolution, which 
takes M5k days * is called a year. Although the earth's rotation explams 
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O^I^P^^.-^^ ' : . 



r «. 



day and nighc, it 'does noc explain^ seas6nal changes like winter, dp ring,, 
su^er and fail. Seasonal changas occur due Co Che earth's tilt. 





WINTIR 



Th^ North ,foia is tilted at a 23H degree angle toward the -^an in sutfmer 
and 23% degrees away from it in wincar* In sunimer, the sun appears higher 
In the sky and it stays out longer* In winter, the sun appears lower in 
the sky and gtays out for a* shorter period g£ time* The sun gives us 
more heat in the smpmer than dn winter because It is out for a longer 
period of time. This causes seasonal = changes , 

We have said chat the sun is about 93 million miles away* This is 

-on^ly an -aver ag e v a l u e. T he earth- ae tu a ll y r evo l ves -around th e suu a loftg 

an ellipcical or oblong path. It is closest to the sun during winter at 
92. million miles and farthest £tom it during sunroer at 95 million miles,^ 

We can now. review what .we have /learned about the sun and us* The. 
sun is more than 100 times as wide as the earth and more than a million 
-ea.rths^ can fit inside itp The earth rotates— ia-^24^ hour intervals (day) 
on" a North^South pole axis at a 234 degree tilt. It also revolves around 



the sun cbmpleting one revolution tn 365^ days (1 year). The earth's tlLt 



^the sun is actually most incense in wincer, but since the length of the 
day is shorter in the Northern Hemisphere we do not get as large total 
amount of solar energy-t as we would in Summer. . 



causes'^ seasonal changes. The earth is closest cc che sun during wincar, 
'92 million miles; and larchest from Ic during suimner, 94^^^^^iq^ rniles. 
The closaic star to the sun* ProKlma Centauri, lies mo r eV^g^^^^^xpi 1 1 ion 
miles from darch; 280,000 times the aiscance from the eartl^^e^he^^n, 

Twro basic physical properties of the sun are heat and lig^c. H^acN 
is a form of ener^ .that may be transmitted to the Earth from the sun by 
radiation. This radiation occurs as "light"* Light travels as a wave 

in the same way as sound and wacer waves. Light travels at the speed of 

8 - 
3,00 X 10 meters/second or 186,000 miles/second. This: is much faster 

than any sound or water wave. Light waves are called electromagnecic. 

Like sound waves, light travels at different^' notes called freqiancies* 

Likewise, since not all sound can be heard by humans, not all light, can b€ 

s4en. Both, visible and non-visible light is emitted by. the sun, ^ These 

different notes or frequencies of light are known as the electromagnetic 

" spactrua. The visible spectrum consists of light (colors) that we see. 

A much larger portion of light is in the invisible spectrum. ^They are 

radio waves* infrared p ultraviolet, x-rays/ and gamma rays. Much of the 



light that the sun radiates is ia the visible ranges 



Not all light that, the sun radiates approaches the Earth. The sun 
radiates light in all directions and this light must also travel 93 
million miles to 'reach the Earth, Much of the light that finallv reaches 
the Earth is either reflected (reradiated), or absorbed by the Earth's 



atmosphere before it reaches the surface of the Earth. Although all of 
the light radialted from the sun does not reach the Earth, it is still suf- 
ficient to make plants. grow, to bring daytime and to warm the atmosphera. 

The spectrum of visible lig ht i s violet, blue, green, yeilow, orange 
and red. ■ ' 



U The Sun^ " 

■ § 

333,000 more massive Chan Earth 
93 million miles from Earth 
100 Cimes as wide as the Earth 

2, The Earth I 

7900 miles wide (diameter) 

Mass ^ 1,32 K 10^^ pounds = 6*600,000,000 Trillion Tons 
. Ferlod of rotation ^ 1 day (24 hours) 
Period of 1 revolution ^ year (365 days) . ^ 



The Solar System: 



9 Planets 
(Name) 



Mercury 

Venus 

Earth 



Mars 

Jupiter 

Saturn 

Uranus 

Neptune 

Pluto 



Relative 
Radius 
Planet Radius 
Earth . Radius 



) 



0.4 
0,95 
1.0 
0,53^ 
11,2 
9.4 
4.2 
4.0 
0.5 



Distance, from the Sun 
(Miles) 



36.0 


million 


67.3 


million 


93.0 


million 




-miliio* 


484 


million 


887 


million 


1734 


million 


2795 


million 


3664 


pillion 



HOW A PRISM WORKS 

WMT CAUSES HAINBO^l^ ? ' ^ ' / ' = 

Why do we s^e raiabow-s only afcar it rains and not juM anvtlme? 
Rainbow, ura eausad by cha spraading o£ sunlight (as ie parses through 
raia di^opleta) into different eolora which raflect into our eyes. This 
^^lalns why wa only sae rainbows after it -rains when the sun is out . 
Tha lapmracing of sunlight thawing different colors is called a spec trum ^ 
A rainbow shows the spectrum of visible light. Have you aver seen a 
rainbow? If noti we can naka our own rainbow By using a prism , A prism 
can produca the beauty of a rainbow much in the same way as it occurs 
naturally i -A prism spreads light into d if far ant colors of tha visibla 
spactrus* As light trayels rrom one madia to another, such as from air 
to gla^Ss it. is bent* Of cpurie light cannot go through a wall or glass 
tmlass it is transparant * Also* some colors of light bend more than 
Qthars and thuj a spectrim of the dif farant colors or visible light-can 
be seen* -'A prism showing how light is bent into different colors is 
shown In figure ' ^ 




There Is also, a much wider speccmm of lighc chac we cannot jee. Irjcra- 
red, which lies aboy^e the red end of the spectrum* lives us heac, 'Clbra- 
vioUt lighc, which lies below che violet light, gives us tans (or sun- 
buniSi if we stay in the sun too long). 

It tm not neeessaiy to have a prism to see different colors of 
light, ^ythlng transparent may break light into different colors, A 

clear bottle filled with water may show different colors' of light if you 

^ ... . ~- '■ - 

look closely. ^ 



PHYSICAL PROPERtilS OF THE SUN / I 
Unit Cjj (Approximace Grade Level '-'K) 

QVERVIEW 

Through the use of the Greek myth of Dmedalus and iGareSs a guided 
fantasy which parsonalizas=^ the wth, and a linple experiment which eitab- 
lishes ^the idea of the sun meiting wax as a real thing, the students are 
BKpQEmd to the idea that the sun is a souret of heat energy* \ ^ 

LEARNING OBJECTIVE 

__ _ ______ __ ^ ^ ^ _ 

^ ^ Kindergarten students will dtoons crate an awareness that the sun 

is a source of heat. energy through participation in (1) hearing a story , 

(2) acting out a guided fantasy^ and (3) observing an experiment. 

EViCUJATION ^ 

this objective will be evaluated by teacher observations which are 

recorded on the participation-observation record sheets, 

. ' " i J 

SPECIAL MATERIALS - ' ■ . 

^ • Candle and black paper ^ . 

- — — # — — 1^ nopy nf rhp ^rnry pf Daedalus and Icarus * , 

~: " g - The Flying Fantasy - 

yOGAStfLARY ' ' " 
Sun, energy* heat ' ' : 

- BCTENsio^rWERciSEr ' ^ /" ^ , ' ' ^ " - - — 

' • The class can measure the temperature in both the sun, and the > 



• The class ean a^plore %he relationship bacween the earth 
and Che sun (See lesson B-) . ' \ 

• The class can leam chat light can be .bouuced and bent 
(refleated and refracted) k (See lenson Ajj, and choose # 
CTiall portion of what Is there to ej^lore nth your class 

LESSdM Pt^ 

' The class is read or told the story of icares and Daedalus « 
Teachers should note that this is a "real" Greek myth, created 
loiDetlse B«C«E, For a mbre detailed versioni you can check any 

^^ource of Greek aythsy this version of the story emphasiaes the 
sun mnd solar ^ergy . \ 

This story Is a lyth originating from Greek culture iri . 

a ■ . _ , -.' 

mclAt times (early B«C«)« Its objective is to have students (and 
teachers) realize that the sun Is an uimoticedp but Mportant part 
of our lives* Along these lines* .the author CTphasiEes the sun 
aiad solar ^er^. 



A vmi^ long tJjae ago, during the age when Greek art and science 



^.:s well .tadwn lived a most skiliiui ^iLiat . and BC J- uu£€s t , -Ht^ a^ m^ 



was Qaedalus , Daedalus could do /great thJAgs land of tw built things 
that used energy from the sun. . His son » Icares, was^a student who 
_ also studied the stin. Icares hoped to learn much about:nthe~sun 
from his father. 

One day, Daedalui was ordered by his King to build a great 
maze from which no one could escape. -"Daedalus did this, arid the~ ^ 



King was vary pleased. However ♦ soon after' che raaie was built, 
Daedalus fell Qat of favor with the King, The King fe^Ted that 
Daedalui would try to take over the thrahe* The King threw Daedalus 
md his ion, Icar.as, into the maze, hoping they would never be 
able CO find their way out. = .. ' * 

laaraa asked his father, "Fath'erj can you find pur' way out of 



this mage?" Daedalua,,_^swerad him, "Icares, I made this maie so welli 
not /even I can find my way out." 

The two men sat down thinkijig this was the ^nd* How would 
they ever be able to get out of the male? Then, Daedalus had an 
/ IdeM, He Jia^ed up and said, "I taow how we can get out.'' 

We do not have the- tools to dig under the MEe and make, a 
tunnel M #3aape but we^. do have wax from our candles and leaves 
f rom tM bushes* With this, we can build wings and fly over the 
walla of the maze to safety I" . ' 



Icares was excited n^v his father and couid hardly wait to 
start buiidutg his wings, "But Father," he said* "How can we use 
the wax and leaves to build wings?" . ^ * ; . ' 



. ^ His father i Hfi^HRlMTpW'^r.p ii] i^ rni, "TT. - ir ig ^h f^mm mirrors tha t 

r hav^ hidden from the guardSi we can melt the wto for our wings. 
Ih the -middle of the day , when the. sun is highest in the sky* we — 
: can reflect the san^ght on to the wax from all of our mirrors, 

fe - ^ When^the wax gats hot enou leaves=-^into it, forming 

/\k " them into wlngs^ Over night, the wax, will cool and become hard and > - 

iji-Xhe morning we _ will be able, to fly." . . - 



So Daedalus and his son malted Che wax tha& day; made their 
wines and waicad *vernighc when che\ sun was not oue* for ,che n^rax # 
to cool. The next morning* chey ^were ready. Just before leaving, 
Daadalus Cold h^ son po be*careful noc to fly to close co the sun. 

For if he flew too eloser Cha heat of the sun would again, paake 

the waK soft* If this ^happmed, his wtngi would fall apart and he 

* ' . =^ .» . 

would flrop into the sea. ' ' . 

m 

leares agreed -wjth his father, ."t will fly close by your side*' 
Off the two flew out of the trap, oyer the walls and safely onto 
the ocean. But they were not free yet. They must still travel a 
^iQng distance over the sea until they would reach land, again. Along 
the 'way, the wind began tp blow on Icaresi who was much lighter than 
his father. The wind, made him fly Uigher Md higher, although he 
tried to keep close to hi^ father ^s side* Closer and closer he 
flew to the ^un. Soon the sun-s en^r^ became stronger and stronger, 
and the wax on his wings began to melt. Suddenly , the wax became 
so soft and the leaves dropped aWay. Icarea could not- fly anymore 
and fall into the sea^ Sadly crying, his father^ Daedalus, continued 
on across, flying to freedoia. The sea is now nMed in honor of 
Icares and is called Idaream sea. 

After the' story i or at a lat^r ■ time, the class should be engaged ^^iri 
the guided fantasy for examplei: see Tlying fantasy attached. If 
you haveir-'t worked with fantasies in your classroom (1) the follow- 
ing proaedure is suggested; (2) You m#iy want to check out Put Y^ur 
Mother on the Gelling , Children's Imaginacion Games, The Viking 
Press, New York, 1973, ^-l' 



A. 



Ask the class, |'How many of you day drftam?" Yeu may ws 
- calk abo\|fcdavdrfam.s . • . 

B. Tell ch«m that all of us are, g»lng Co share a daydream 



Have the elaas draw^^^conelusions about \whech^tf tfaa sun^gi^es \v 
©ff heat energy. Ask 'them to invent ways of making the candle 
melt faster. 



4 




FLYING FANTASY 

Imagina thac you^ are going Co mmkm a pair ai wings ... you caka 2" 
broomscicks 'yoru Cake cwo feacher pillows and you cake two candles 
you shake open the feather pillows and spread out the feathers over the 
broom sticks you then light the candle and melt the wax to glue the 
feathers "in place then you put on your wings" and go up on to the roof 
. * , you walk vary carefully to cHe edge '1,, you stand there for a moment 
and look down it is a long way aown, and you are a 'little scared 

You gather up all your courage bend your taees * flap your 



wings a little bit and Ajump off the edge all of a sudden you are 
flying enjoy it. A ■ ■ 

. ' " ■ \ / . ' . 

You f^eel the wind rush past your face • * * you swoop down past you^^-^ 
house * , , and^ tluen soar up high over your neighborhood * • . get yourself 
=ready wa' are going"C6 do a loop^de'-lo^opi ready go ... * , can you do 
another .,.1 - 

> You decide to fly highar and higher ..*^you go. up and up you 

fly^ through one cloud and than ahother . you. can hardly see the ground 
anymoVe , you begin to feel the wainath of tha sun . , > it faels good ... 
you 'turn over and fly on your back ♦ , • lettijlg the sun warm your stomach 
• you decide^ tpu fly ivan higher , so you turn over and fly^up again ...^ 
tha sun feals hot on "your wings ^ « * you bagin to worry that the wax might 




ERIC 







-relationshlRl^cwecn che earth 



g^ffia^^^ftbiy^^ ,and, night . ^ The lesa^|eqncludes with the 

%JS^£fe€SS'12f^^^pP^^S^:3|^ ~r':s:::K#^ft^^tfS^ - - ^^^^^^ 



etfiifit^^Oi'; phjrstcaiiamnipuiaVidTr biEr-modeii^^aa-^observed hy the 




^^tetite^ei^^ either through. C^lSl^ 



si^StpofCidrax^rLngs done by: the stuaanta, pr- . (:?yrgl?BCTva: Liuu u£ L -he±r-manli)i 





S^^i^^^^p^^^^^plah-add the moon to -their peirception of \ the solar^S^SS;^ 

^^^^f^g^TBiiS^ircan make a full solar system showing all che-plan- 

^ C:r'i^i»&^; j^The class can move on to: lessons ;;D«;p and measure the 

, ^^fferences between the temperature- in the - iun and in the 



shade , 



;i;5/£^S|Ch^ mdv^ on to portions -of' lesson -A* II- and learn 



l'^yf^.''''Ba^^^±n% about the light which, comes from the ' siin 



SSON -FMN 



ERIC 



^?^^i;^;Sitl«ai^^ (dr. establish -for the' 



first 





ERIC 



i^i^^^S;^^ Ask every one' ri^^\iiffi^ii^a^ 

|l^^^*;'f -'/'^^ bellie button) . What;^ati^Ji^i^ 



around) and discuss when it iai4^..,_r.^ 



;4ay ivind;;^;^^ if. nigh t v , 



d. 



Have the earth revolve around Che sua at the same tima it is 
/revolving. / 



3dd Iri th^inobii,_mnd- talk about its/ - V 

W4^^^^3fffcleB at.. trie same' time, , Jf -.^,;'VA-^a:k> '-^^l^fcri^.---^^^ ^::-tS 




.or 3/ sxU you have added thannoon).^. Have on^/be iche.isi 

Sft^the mooir?a^i%vr.resffr^^ 





ERIC 
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ERIC 
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^^^^^^^ 




^^^^^ 





II 
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^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 




2 . ' ^.*.^XakCr0.ne^.eiadl 




p03!E^fetie'-f (^^c^l5^ r^tSg^m i£mWep end^ia^t KS^ i^^K 



Have a scudenC or students hold the flashlight directl, over ch^ 
page with strliil stretched 'taut (not so tight -as to pull it loose 
,,tgi0lj the pa^er) , " > 

Have «iot her student witli 4. crayon' draw the appcoximate outline - oS 
the lighted^ eirele on the paper (it My be necessa^ to darken the 
cla&sroom) . '^-^ 

NOTE:^ ffi^ aKperiment may be doria by several students at one time 
using differtot flashlights and different pieces of paper. , 



Now have the student with the flashlight Mve^ the flashlight 2 or 
3 ft off of th# straight up and rdom: position ^hile maihtaining the. 
String In a taut pqiitioh (to Insure that the flashlight remains 
' th^ sasa distande frolr^Ka^ape^ 1. :- V ^ 

^iHlle the student holds the flashlight steady have another student, 
using a vdSf ferent- color crayon, draw the outline of the . lighted 
gpQt OB' th# paga * Jw. ^ ^ . . 



quiistion which spot is now b'iggsr? . 

Have the student move tha- "flashlight still further away from the 
vertical posltlois^- and' have" the. other student,- again using a differ- 
ent color crayon, draw the outline of the light. 



Also havt che scudants compare che brighcness of the different spots 

: I 

=of\the light in relacion Cq their size, i.e* , was the light on the^ 
page brighter when the flashlight was straight overhead or was it 
brighter when the flashlight was tipped to an angle? .\ . 

CO^ftEKTi The 'amount of light energy coming from^the flashlight 
reaains constant during the sKpariMnt. 'th^erefore, if the light is 
'Spraad over a larger area, there must then be less light energy per 
square inch on the larger spot than on the smaller spot. 

Use this e2Cperiment to tell the students that during the summer 
tima, the- sunlight shines sore directly over H^ad than during the 
winter time, Therefores that portion of the earth receives more 
energy per unit area during sunmer tjian it does during winter (the 
sun angle is great-er to th^ surface of the earth, therefores the 
.sun*s energy is spread out over a wider area) * This explains why= 
the earth Is warmer during the sumer although the sun is actually 

further away than in winter t ma* 

\ - - 

Place the lamp without a shade and with the low wattage bulb, on a 
table. 

Take a world globe and put it several, feet from the lamp* 
iQarlcen =the room* 

, ' r 

ve the students observe how the light shines on the, globe* Can 



V / 

the^^ see how there is a day and night time? 



Take JIhe globe and put it in a position so chat the globe is tilted 
;fc ^ su^ia^^way that the-Mbrth-cfblte^ points to the light. This will .t. 



simulati what season? (During che sumer t^l>-the sun is higher 
in the northerii hemiaphere's sky.) 

^Hav a t he st u de n tg dis cUnsM ch Q con e-apts ol che- seasofia 

19. WKat seasoti is this in. the southern hemisphere? * , 

20, T^e students can rotate che globe at various tilt anglesi i,e,, 
with the North Pole rfaoiJig 'toward the 1otp# away froro^ the lamp^and 
in various other directions. Have the students identify the , season 

' "relats'd to the .position of the earth in each case,^ 

-■ ■- - ^ t ■ ~ ■ 

SfECIM. NOTES ■ ■ ■ ■ . . • ' ' . ■ 

/An, adaptation of che experiment could be for iCudents to hold a 

S • • ^ ... ... = ...... ^ . - : . : - — - 

flashlight in a horizontal position, then using small cards, have the 
students first hold the eard in a flat position (so that flashlight shines 
Ion the- edge of . the oard) Md then slowly have the students rotate the 
card toward -the light. As they do this* 'have them observe how bright the 
light on the c^rd Is* This escperiment shows why. solar oollectors__are--^^ 
tilted up from the roofs toward the south so thaj--th:fiy may obtain the 
maxijitm solar intensity upon them^_^_-^--^ 



mm ABOUT THE Sim AND EARTH 




Unit Cy (Appraximaca Grade Level ?f'5) 



"Students will conduct independent study via zhm library or ocher 
'Tea^areh beoka, ta enable chem to drmw detailed pictures of the sun and ics^ , 
charicterisiftfrs^__3nd/or wrice a repert about the lun* its f eacurerf, and^ 
how ihey affect the ear tE*^^^^^^^^^^^^ 

leabhLg OBJEGTIVES ■ < ' ' ^ 



\m itudents incrtaae their taiowledga of phe various ^features of the 
sun and\ the Interaetion of th# stm with the earth. 



The etudents wil to identify; at least two special features^ 

ofrtfia sum* (e*g spot* prominences* iolir wind, etc*K -Students 

will also^e able to identify interactioris on .the earth (effects on 
weather, eflfects on radio tranOTiasions effects on tides* etc). 



o special materials are required for this lesson, 

^FHo^ibsph^rei-SunspotSs Corona, Glares, prominences » Solar Wi^ 
Chromospher e * 



ERLC 




LESSON PLAN 



Kt tA(S discrefcion of the teacher, this asaignment can be roade 



lidlvidually or for small teams of students. The students will be requested 
t© car^' Qut,a librai^ search to find out featurei about the sun. 



l.^ This lesson is left largtly to the dlseretion of the deaaher and the 
evaluatiou of the most effective form of lesson for £he particular 
group of students* ...... 

2< The lesson is basically to obtain a better imderstandjng of the 
' various features of the sun such as. sunspotSt the v^rlou^ forms of 
atmosphara aroiiid the sun, how the sun darives its energy through 
/ ^tharmp*nuclaar reactiona^^M.^^ . . , ' / ^ 

Class assignments can be given on an indiyidual or . group basis, 

4, The students can prepare sueh items as small individual drawings 
, of the jun showing sunspots, prominences,, ^tc^ ; a large;tou 

parting made by groups of students showing the same charae teris^. 
tieSt or small essays or extensive reports discussing the sun. 



SPECm.. NOTES 

This lesson will noE only Increase the understanding of the aun by 
the studencsv but can a^o be used to develop further the library skills 
and individual study capabilities of the students. ^ 





Hffi SUNj EARTH OTHER PLANETS 
Un^ UppyoKlmate Grade Lavel *6); 



Students ara shown a slide presenca^iQn of the space mission of 
"V^lng"* Vikini mm an unmanned probe send to the planet^rs. The 
slides with pre-rMorded easaecte tape eenmentaty explained to the students 

i 

th© alsgion and about aonditlons on the plmet Mars, Students ace then 

asked to pratend that thay are space travelers oA Che planet >fers and .to > 

^ ' ■ . ^ ' .. ^- ' . ' ' ^ \ - ' - ■ 

^camlne how a solar hot water heating system would operate in the muah 

solar conditions of tha "rad planat". ^ 



/ / Students further increase their understTOding .of tha "interactloti of 
the sua and earth. This is aceot^lishad by Having the studants^ carry out 
slpns of solar conditions on the planet Mars, and comparlttg thase 



rasults to Earth* 

— J 



I ....... 



SPECIAL MAJERIALS ^ - ' ^ 

; • , A special 40 sllda set of tha ^^^ng Mission"* with cassatta 



VOCABULARY 

Isolation* Solar Intensity 



' ^ . ■ LESSON PLAN- ' * ' ; ^ 

j ■ . ■ 

/ The taacher will ask the studencs if they would like to go to* the 
plMip liaM p jrcer ~MflfC"^iacussionsV the teacher will ask cha studencs If 
they hwe heard of the "Projeet Viking". The Vikini Miision was an unman- 
a^d spaee program to martian study the environment- Landera were sent to 
th# surface of Mari to atudy the local weather eoridltiona,' sand hack color 
televiaioh'plcturesi and to cirry^ o experimenta to determine H In the 
locations of the landing there were any life*fcrma* - . _ 

1, - Wiag the set of 40 alldfea and the pre-^recorded caaaette tap^vcom-^ 
mencary* carry out a leason liluatratlng to the aUudents Ibout the 

2v Conduct a general dil^'usslQa with the students in relation to tha 

j; Tall the students that they' ara now going to pretend that thay ara 
aseroaauts and will ha halping to set up a ^^rs colony* 

4; . Ask tl&^tudteci if "they cabruse^^^^ wa^er 
on tha planet Mlirs CAelr tts^ 



^i;/Aak the students, if the insolation (that is the amount of sunlight.-/ 



= on a space .'ship and at a psinr in space cwiC'e as far away from the sun 
as the Earth is in its prbic,' we would raasiva only 1/4 the intensity of 
the sun* That is* we did not divide the amount of sunlight on earth by 
ly but rathsr by 2 k 2 (i,e,, 2")* If we go out to 'space 3 tijies as far 
^ f rom the sun, as the larth is in its orbits we receive 1/9 of the amounti 

- . - -- ' s. — 

sunlight we receive on earth. 



The fallowing is a short c^ble illustratl^ig the dif ferences^.between 
Mars and Earth % 



FROM SL>' : V 

Ot3TANC£ FRmi 

■ * - ^ 

srs : 

T;R.f OF . ; 
EO*JAIOR TO 

LEXUTH OF OAY 



128.4 la.OOO imi} 



24 hgyr^H 1¥ tnMnut^^ 



237,941,000 <ka) ; 



2^*426,000 ika) 



2Qft*656,pO0 (k^ 



^ r,9Lil imii 
'i2,93f*0QO (mi) 

24 huursi 0 .ninui^^ 



149*600*000 1 kin 

I J2,:qo,-ioo ' l3 

U7* iOOvQOO i kaj 

\ : . ' ■ ■■ 

\ . ■- . ■ 

V . - •- V 



1. As an exetcisr^^^^ let the students make some comparative observations 
and numerical calculations comparing Earth with Mars. 



... .- ■ 

with tha distance of the Suci with Eacth, The foUowing "Is an 

* ■= ' • ' X 

eKafflple- e£ how to do this^ ealeuiacion. The differance wlll\be as 

tha sqimre of th^ distances from the Sun. We will do tm problem^ 

-- _ , ' • . - ^ ■ ^ ' 

to uniti of th4 Ealtep^Sun distance (callid by astronomars an 
"astrenomicml unit" or a,ui) then 



1 a.u, * 92,937,000 miles ^ 149,fi00,000 km 
So the Mars distance from the Suns in astronomical^ imits is 
7 141,636,000 ^ 92,957,000 ^ J .52 a.u. \ 



Then, the pmel^^ s^^^ if proportional, to the square of the 

distance from the Sun or size on Stars p (1.52) si¥e on Earth* ^ 



size on Earth 



(1.52) 



2 m±zm on Mars 



if our pMiei was 40 ft oh Earth, on Mars it would be (lv52) 
bigger^ or . ^ 



92-4 ft^ [(1.32)^ - 2.31] 



3i As c^ he sttn f rom ihe circulation^ a. sol^r j^ft^jioxe^than-twi^ 



^ H^±g^-(wia.l^ ays tifl^ ic o dp<^^ on Mars. 

Si^^iM^^rpblem perhaps w syatem on; Mars is the lack of 




4* Aaochar incerascing caleulacion. chat thm students aan mmkm is Che , 



tJsJJii the mlnimiOT distance of both the Earth and Ma/;s from the 
Sun as ^ yard sticks have the students determine the variation 
In lolar ener^ present during different tdjaes of an Earth and 
Mars year, ^ ' , * . 



^TH mnlmum distance In a.u* ^ 9lj404,000 t 92,957,000 ^ 0,M 
ttxinaim distanae ih a,u* ^ 94V5lbtOOO # 92,957,000-^^1t02 



Then using Che ■■J^yersa square'' 'relationship 



(0.98) ;^ Binimtm distance energy j > _ 0.96 
(1 02)^ tftaxinmrn distance^ energy I * 04 



0,96 goes iiaM 1.04^ 1.08 tlses I so when the Earth is closest 
ea Che sun *~ ths; solar energy pr as enc= a£ -the- Ear th is only K 08 
clnes that whan the Earth is fur these aw^ from the-iun. 



mSL% -^^^miWisim distance in .a. u. ^ 1289 410^JQLi-92^-9#?T000^^1^ 



MX^M-^discaiici/ in a.u, ^ 154,862,000 t 92,957^000 ^\l.iS7 



\ 



Then using the inverse square" ;rslarionshlp\ 



X 



XT*38> V . > .mininnih dlstanca energy _^ 1 . 90 




5. 



As a$n be 'ieen* the Earth has such less variation in the amouht of 
avmllabls sunsfiina during the year than does- >fer£. Thia is because 
^,tha |orbiC ot is no as Glosa co a circle as chat for Earth, 

In iactf the orbit of .Mars ia famous for baing "ellipcic". A very 
fa^us astronomer namaa Keplerg was able to calculate certain 
special astronomical laws using the orbit of Mars Just, because it 



so all Ip tic. 



SflCIAt NDIIS 



TOis lasson* not only Is fascinating to the students because of tha 
slldas of the planat Hars* bub allocs them to utilize chelr TOthamatlcal 
illttisj to fflakf_ som_ intarssn tog^ and calculations about . tha 



\ 




D FORMS OF ENERGY 



D ENERGY PHENOMINA. 



FORMS 

OF INERGY tM3ifiS<i»^^ 



Heat is the fldw of anergy duti c'o a camperacura diffaranca betweau 
two or more bodras in concact or through' a mass mad iim such as air or 
water. Heat flows from a higher temperature body to a lower cemperacure 



body only (sae^Figura D-1) 



Light. is energy that is radiated from the sun or a H^at source such 
as ^ li^ht bulb* Energy that is radiated does not need a medium to propa-- 
gate from one pgj|tf__to mot her such as from the jSun to the earth*J Space 
that does not eotLtain 'matter (such as between ttie saYth' atmosphere and 
k\M) , la called a vacuum* Lijiht travels {[hroug^^JsWvajcuum of space 
TOd then through the earth's t^reicli ua. Examples of radi- 

ation are- ahown in Figure D^2. ^ . - ^. . 
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^^^^^^^^^^^^^^^^ • 



ERIC 



)OESMlHrftGOMEfKROMj 

^_^_^^£5a.„-^^ ^^^^^^^ 






^fc ;the normal; €^ 



such;: 
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^M^^^^^W^Ve r ec 



pa 



We ar a alme s t dons ngv 



23, Continue until the half circle, .(with the alumnttm foil on 

the inside) is attaehed to the aluminum foil-covered pioater- 
board* (This will mkm one ehd of a trqugh,) 

26, Now attaeh the other foil*coyered cardboard half circle» 
\^eh the alusataumneoverad side facing ixi, t& compiete the 
^trough, .Um/ a similar teehnique ai you did with the other 
pieee of cardboard using tape every two or so inahei. 



27. 



Put the though to one side, 



28, 



Take the/imalt pleee of hea\iy oardboard (four: inQhes by five 
inchea)^and draw a line (line 4) down'^the COTtep along the 



- , 7 _ 

fiv^lnfah lerigth, 



29. 



/ 




Draw y straight Idjie one toeh on each side of line 4 
■ (lin^ #5)/ . : ' 



Mark/ off points pne-haif, inch and l-5/8;inches a^ong, line 5 



frQip one end of the cardboard' (holes "d") 



pWdh out holes ^d" using an ice pick or -sharp -^strument. 



. i 



1 ^ \ 



1 \ 

harp knife or razor blade, cut along ^line Os^o that 



two::2^ieces of cardboard , each two hy f ive inches^ 



X 



brAss brads from the: inside of the; crouSgh through 




Si 



34, Dd chm ifflie thing on the other gide of Che cooker with the 
remaining piece of two-Inch by five-tneh* cardboard. 

These pieces of cardboard act as legs to prevent the hoc dog cooker 
from just rolling around en the table 4 *■ 

NOW, YOU ARE toAPy TO STMT COOKING I ^ ; 



35, Slida the stick from the outside In through one of the "a' 
holes » I 5 ' ■ 



36, 



t.ha^ hot, dog so that as you slide, the stick further in 
through tha ''a" holet ySu also put the stick through the 
length of the hot dog. . ^ 0 



37* CoritlJiue limtil the stick is completely through the hot dog* 

■ / '! \ ■ . ' ■ . _ ' ^^^^^ ,-■ , 

Theht put! the\ stick about one-fourth inch through the other 

"a" hale so that the itick and hot .dog .are supported at 

both ends I Canter the hot dog on the stick; 



38* In mimmmt^ stand theVcooker so that the opening looks more 
upward and » if wint^ip, turn , the cooker over so that the / 
Opening faces more d|3wnward. » 



39 * Aim the 



dog cabker toward the sTim, It will take about 



45 minutes to one h&ur and/than 



H^fY/HOt pOQ 



Notes Yo!u can shorten ybtit^cooking jtlme by- stretching a 



plastic 'wrap over the whole front of the 



wtth^ any., special recipes -using^ 




tha cooker, pleas© send a copy to the author so that he 
can let others taiow about it , givliig, proper credit. Thank 
you* Enjoy solar cooking* 
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ENERGY, WHAT WE USE IT FOK AND WHERE XT 'COMES FROM. 
Unit (Appcoxlmace Grade Level //2) 



ormvim 



Thm BtudmntB.mvB Incrod^ced to flv^ forms of mnBtgyi heaCj lights* 

mechanical 9 almctrleal, md ahralQal energy^ Students arm also Bhown 

ft • ' ' . ^ 

that CO do , mora work, requires a greater expenditure of energy « 

; j; Student if row irij^the^ knowledge of the fprma th&t energy can. take 
and develop 'a fundtoental condept of the faet that ic takes more , energy 
\ to do more work. These concepts are again ^cprrelated with the sun's 
toergy* , . ' '^^^-^ \ ^ ' ' / ■ 



A 



EVALtfATION - ^ ^ ' ^ ' /: 

A, ^ Students should des©ns.tr%te a two^'thirds accurmcif faiowledge of the 
various types of ener^ Illustrated In the special workgheet after the. 
class dlsoussion has been completed I The student^ should also recpgnlzi 
that to do more work, requires the use of additional eiergy , 



SPECIAL MATERIALS - : ,;. / \, , ' ;\ 



LESSON PL&N= 

Motivation is aceomplishmd by raeordiag Che students accuracy in 
working with the special energy work sheet provided* 



Pass out the sp^eial energy work sheet Ctijura 0^3) » ^ 

As a pre^lesson motivation, have the studahti write in the 
spaee under eaah pioturs all of the various forms of energy 
:they visualise , niis.ean be done by using the words * 
heat, light, aaehanicalt ehra^ or electrical* It should 
be notfd that more than one fona of energy' say be p resented ; 
iv#*v with the flas^^ battarisa rap«sent cjhemical V - 

aaer^^i wWch ija turn, produaes electrical energy* which ih 
ttttn-nikes the light butt grov bright ^tth light energy . : Ity ^ ; 
also heats the lightbulb tad r'asd mechanic*! etietgy CP turri „ 
th^ awitch on, ■ 



Take the sOT-of^a-cell solar dewnstrator (additional copy in -v 
Application Section) and pla the solar call in the b^am of 
a projector light bulb or go outside with the students and 



adsi/ th^j celi:.at% the stm, c:|t|ifer to t material supplied in 





As the studanti if they think; thrsf ore i the machine is using 
less solar or lighc energy. \ 



Use a small flashlight, and turn it on. Siiow the students 
that, the batteries a^^e t^ing . ahemlcal energy converting chat 



i^gy Ci 



into eleccrical enerj^,£o make the light bulb go bright 



Hold the lifht on for a short period of tim^^d than a^^^r^; -^^^^ 
longer period of time. Ask the students if ^hey thought „ 
more, chemical ener^ was \ised whnn "the light pulh w held 
on for longer period, of time* 



Move an item across your desk for a^ distance about one 



foot. Ask ^he students whftC type ©f ener^ was^ used tq do task 



The answer is mechmical energy * Move the item ^ twq,:^f eet 
across your desk and ask ■ the students if you used more. . 



mechanical energy the second time. 



Pose the question- to the students what energy 



ergy is 



sed Co 



make^ rain. 



Q ^ =-■ 



A demonstration to Illustrate this is to take 7tte pile pan 
that has been palnted^black on the inside ^ fill it with a 




, t Takm the class back Into tkm rmom and hava' them draw a sar las 

- of pictures illustractag the use of energTi the use of more 

• {> ' """^ ^ ^ ., 

aneriy and -the ua€ atHI Mrs energy. Later in the day, 
" ■ . "" - , ^ 

go outside and ile If the wafieT-haa_eyapprated, Exp lain to 

the stud ant a that the solar light ener^ heats the water 

which to turaavaporateSi This wm tar than goes into clouds 

and when clouds are fomad't and when weather conditions ara 

right, the water inay cool and condanse md produce rain* 

• Yotr can pose the quastlon to ^the students which use more # 
^ . ^ - energy s a li^c or a hea^ rainstorm. 

SFECIAL NOTES ^ _ - - ~ 

Quite a bit of n#w^ matarlal is Included 1^ this lesson and t&charji^- 
laay dasira to make a two lassoa-^format^rmffier thM a stngla lesson* The 
' evaporation ea^^riMnC could be dona later or as stand aloha endeavor, * ^ 
Tha sim-o£-a-call dCTonstrato^r adds excit^enr tor ^ha lesson, hut eaaen- & 
tially the same material may be delivered uslsg onliy a small flashlight. 
Some o£ the material s^^n tha information regard.<ng the sun-of-a-cell 
y »oi'ftT!g?d' iim <fflB tT^ *^"^tf. jjy^^-'l'^ ^- aupplementary or additional material 
f|«|ectensldti of *0iiff''-fe'3sbk-and^oinsf of- "other lefsons 




KINDS OF ENERQY - WORKSHEET 




-UylfCHANICAL 
HfAT 



StCHANICAt. 
11 



~— — HfAT. 



MeCHANICAi: 
HEAT 



MfCHANICAL 
LIGH T ' 
HEAT 




MECHANICAL 



MfCHANICAL. 

tJGHT, 
HfAT 



MiCHANICAL. 
LIGHT. 
HfAT^ 



MECHANICAL^ 
-LIGHT. 

HiAT. 
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SUN-OF-A-Clir 



' f ■ ■ , SOLAR DBIONSTRATOR. - \ ■ ^ 

;■• ■ " . , . ■ ■/ ' \ ' , 

mtS. IS A "SUN-OF-A^ELL"? \ 

. Thm **Sim-of-a-Csll*- solar energy demonstrator li not\only'a unique 
teachijig aid^ but ft Is /also a "sMl-^practiaal" device to t^t it may/ be 
used ai a personal cooling fan on bright sun|iy days. 



\ 



MARES IT GO? ; . V 

. ' driving^ for ae la supplied by a "slliGon photovQltalc" 

eall, the round dark blii^ and silvsr tro toch diamster disk on rtie \^ 
jgl^xiglaM_t£^d„._ Sillaon_calla_are amazing. -deviaM * Tha-baalc-iaaterta] 
isilicon,/ of which they are constructed, is ehs second laost abundant eleV 

ment otf Earth TOd—ttJj, of course, «Aat sand is made of- 



itself silicon doss nothing s otherwise we might all be^iven 
electric shocks at the beach every tJse the Sun eomes out I ^ Hdwevcr i when 
small tracers of other elements (usually boron and phosphorus) are put in 
' .with .s^mcially prepared silicon we have the starts of a silicon cell*^ 
' Other processes are required like the ones that put the silver c9lored / 
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THI "SUN-^OF-A-CELL'' AS AN QIERGY DmONSraAToW ' 



Energy is tha ability to do work* The more ener^ we have, like 



after a good fifealchy breakf 
Energy laay take different f 



ast , the bigger tiie job that can be dona* 
orms, Lookjjig a^ the "Sun^of-a^Call" happily 



splnniiig in the sunlight we ean point to at| least/ aljc^ types of energy. 
Take a moment to list* the kinds of enersr that ybu think a^e ihsaem before - 



\ vsading on 



■\ 



anergy shining on th€ ee^l 
^icon d^ell produces 



cell 

mi 



I 



Now l4t us look at th(i "Sm^o£-a--dela"/ together. There is the light. ^ 



[I) % ^ there is the ; tleetr ia energy that the i , 
mot all; of thel ligh^ or radiant ener^-. goes into 



^leii^trieity , lEuch of it just: goes jto rak^ thp sell ^warmer , heat energy 
<3) ; the 'eleetric energy makes thai motor |Wm, mechanical energy (4) ; the^ 



sp Ijinin^^ropell^r causes th« 



m airit© gently blow tpwird;.us (i;e, our per-^^ 
- - . ■ ^ ; ■ \ ' ' 'n ' ' ■ ■ ; ^ y. ' ■ - ' \ ■'. ■ ■ . . 

^sonal eooling fanj bring ypur hand close to the propeller without touch*- 

ing It or shadiJig the cell and feml! the /wijid energy (5) , Now ^what /is the 



_JLast one.^ Listenj^a^^he morot tumi' aciustical or sound en^r^ (6) 




SU^--QF-A-C1LL - ' AS A SQlMWlfl MS^UMENT 




. X At tha beginning 4t.-wa4^Mfeix»neq that .the '^un-^of^itCell" was a 
saml-pf-actical -devicm as it cguld be \^i ed as a low velocity -p4^onalv 



t.v.eooling fan. Thd^prop^eller spins f 



r^^f^jj^jl^'this^^^^ 'therefore, ^o'f how. much ^un- 



St in! dlreet^strong , sunlight , You 



'-r- 



Is 



can .tise 



?V *-s,'^*»r j^''} ^^^^^^ 



tlimehersj 



thi^^reitetiontfo*t-.'a merles of\ ^ 

r ^ - ' * - 1 ~ ' ; 



Solmr I ncanslty — Aim the cell it the direct sunlight and *ii6ce th^ 

^ - ' ^ ^ / ■ ' ■ . I ■ 

rate of ipin. Compare this spin rate to when^a cloud passes in front of 

^ the sui* or when the "Sun-of-a-Cell" /is put in the eliade. As a cc^rollary., 

ae^ just how much ^.unlight is .needWd to start the wotor f rom^acratch, 

Note therfe will be Mre energy ne^dfd to overcome starting fric.6^on. Try I 

starting the propeller in the shids or on a dull day with^ a push from your 

finger and see if It i^ill keepyfeolng, if it will not start by itself* 

One Must Aim Solar Coll"ectbri South (Northerti Hemlsphtrej — Tum 
^ thi '*Sutt-6f^a-Cell" to^^rd the north and Mmm how iast it apirisL Does it 
\ ipln at: all? In the northern hemlsphersy the SUA Is^alwayi to|Qu»outh. 
I this . little teperimafil^wto^ gs€ the most sneri^r'^pliectad 

wa must make sure our a^lar devicfes Jire aimad ^o the south * 



■ /> 



I-III 



WHAT ENERGY IS, HOW. IT IS USED, AND WHERE DOES IT COME FROM. ' ■■ . 
'Unit ^1^222' (Approxlnate Grade Lavel //3) 

, QV1RVIEW ' ' — 

The iCudetirs are fhown again flye forms of energy , namely -^hermaL 
or UeaC eaer^p radiant or light energy, mechanicals electrlcml ener^ and 
ehemlcal energy. In this lesson, the students are sh6wn that the fossil 
fuel energy we how have on earth Is actually stored iolar energy,^ The 
Students are alsb introduced ta the concept of pick£^g an^ appropriate 
energy to do a 'tc^rtaln task ai Illustrated In. a special set of sort cards. 



LEMMING OBJECTryniS ^ ^ V 

! Students contJjiue to grow in their understaaddAg of the inter^ ^ > 

changeability of various types of enier^^and the fcdnnectlon bewteen using 
raer^ atod;d©lng tjotlE,; ^ ^ . ' ■ , A / 



The students should a^ia^^^ at least .70 X accuraay when' redoing a 
special energy .worWsheet af ter presentation, of the lessjon* * ' ' . 



SPECIAL ^miMEM^S k \ /( :^ v. 

• Special f limp trip iiluettf at ing. fossil fuel Qycle; (appllca- 
tions section) 



7' 
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ERIC 
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'Ik.. 



^^^^^^ 






of the house. However, this mmy/not be Che caap^^^or^jhe^en 
a factory •_Coaseq^ntlyTTHerejW^ always be a need for somd central 

power ganeracion. | - ^ ^ / 

- ' * ' ' " i ' ■ 

1, Have the studantn ^Ith tlje help of their parents * determine 

" from old electrlr bills , I the average . daily kilowattehdt^rs o 
electrical energy their hom^ uses. If there are few major 
electrical appliances in the home, the figure may. be as low as 

^ 10 KW-m. It could be^ much higher. , 

— ' : ■ ■ -I . ■ =^ . . - ■ ^ 



2, Again i with the help/^^^^ estimate 
the area of their roofs* i ' , V 

■ ' ''■-'/'■■. " ^ " ■ ' " . ■ 'X^ ■ ' 

3, Asstflne that a ph^%^^ system is 15% effic lent , \ That 1b, if . 
'7iOO ^^^^^^ of ^^ar energy fall on pur so^r sy¥«^-H--wa#frs-^U^ 



be convert ed^lrectiy^^nto electricity ^ ■ , ; 

Also agsime that kbout\ona kilowatt "per squale meter falls on the 
roof of their home, and that on the average, thik energy level 
lafits about s Ik hours each day* 



5. 




Consequently, if-tbe-seudentsTook thelf'toC^_ roof area, In^ 
square meters ^ multiplied that flpir* by one (kilowatts^f alls 
olarlen'^fgyTS^^er "square)V^ then by 0.15 (15% eff fclencx)^ and ' 

' — 1~= — "i— I — — — = — 

then, by^ 6 "(six hour per day) t hey.'wl l'l get dn estlmate of the 



^^5.3^^«5.i-J--n^xijnum nianfaer..dfr, kilowatt-hours their > home solar energy electric 

1*^1.^ ^^^^ r^, .. ... r^sys'tem could produce .^-^If some -of their, roofs face north, .are ^.'^ ^ 
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■ ■ . [ 

Have the studenei 



make thig estimate for theifi homae. How many of 
them* could act ua^lly have a chance of protfu<ilng most of their 
electrical '^eeds| from a distributed power ^yitem^ 



If: all the homes were in a cluster, what would be \the size of the 



r 



local power system that would' service thetaj all have\ to bel 



Have the students ^Iso .discuss what they ^uld do during cloudy 
0^ raljg^jmatier^^i^n— t-he^u^ A 



i / 
I / 



9. / Have some of the students^ contact the local utility company, 

■ - ■ ■ / r \ i. \ 

Obtain from them tha average base and paa'k load demands they 
usually have. If posslilej have^ the students find out how much 
electricity a local factory might generally use* How big\a 
solar system would be needed to provide /that amount of electrl-- 



cal fnergyl 





\ \ 

• V; y - ' 
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ENERGY MEASUREMENTS 



D iNERGY PHENOMENA 



iNERGY 
MSASURiMENT 



Energy Is^ cha ability to do work, to move sdmethin|. Types of 
energy chat can make things laove^ Include heat, light, and electricl^ty:^ 



V We can eKperience aome sense of mtiMgy by seeing, touchingp or hearing* 
but how can we measure this ener^? 

First of alii must adopt some standard to measure ener^ in its 
various forms that most everyone to the world ean agree on* Onck we 
have agreed to some standard, we can produce devices called gauges or 
scales , gee by these standards. With theses we can achieve an acoilrate 
measurament of energy and what energy can do for us* Fortunately the ^ 



rTffuIny^SEKt whit standard will be used has already been done for us. 

To begip with^: let 's lopk at measuring temperature* ^ Tesperature - 
does not measure heat* la fact, temperature kinetic 
energy of particles or molecules cohtalned in a substance (kinetic 
enar^ is energy of particles in motiof"* Than the hlghar average 
Jklmetic energy of the particles of a substance^ the higher the tempera-- 
ture. Tha temperature difference, or change to te^era^ure of a substance ^ 
ret^rasents -heat put into .or taken out of the substance. Temperature i s 



measurad fey using a" thermotteter* With a thers5meter j we can determine 
5rtia:t cenipera^ cold*r ; Mh*? 1^^^ ^-^^^^ the v 

Jtharmome ter? i^ost cot^ consist of a liquid substance 



Biia(^iie. alcohol, itefcury ...) enclosed a glass tube (see Figure. p-5) 



ERIC 




giving low tempftratuteg. SCKidards used in meaiuring .tempefature are 
usually in degrees, Fahrenheit (^F) or degrees celsius ('C). 

Devices that are used widely in measuring ele^t^icitx are^^ammate-rs- 



"and voltmettrs* These seemirlgly magical devices tell us much about how 
electricity works. On the front of these devices is a pointer and sc^le 
as shoim (Figure D-9) • What happens when the ammeter is connected 
to wiring is* it looks for current flowing in the wire. Current is the 
rate of flow of tiny charges called electrons- When a current is 
found, the pHpter (arrow) mysteridusry moves. "-What actually happens la, 
the current flowing in the wire called amperes or millimperes (amps or ^ 
milliaaps for short) * On^e_m^ljLfflE=J.a-J^iOOO-^^^ 



The secret is this aagic trick only works if the ammeter is CQn- 
Vhected. properly . Proper connection is In -series or in line with the wire 
SO currenc flow .through. the meter, 

. Another device used in meaaurtng electricity, is the voltmeter. 
The vol tttater. works very much in the sotb magical way as the aMetar, 
tiKcept it is cotmected differently and meastir as voltage. Voltage may 
be thought of as a way to measura stored energy as. iXL a battery. Voltage 
l^^^aaatt^d-;-!^^ along^ sXda a wire and tella ua how much energy 

' is . being stored or uaed in between the ends the wire, . • 

r V ; An important relationship that deals with voltage and^murrent is 
■ ^bwer, ^ ^gun^ ot energy that can be used per" unitvj|^»^^^V^ 

. V, . v^^dore voltage or current or both that we have, the more power we haVe 
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The aimecer'is used to maasure current. We can also use It co 
find tha isolation of an area by connecting the_roeter_to_ijiJLic^c^ 



^photo cell* The pyranometer is a device that converts solar enargy 
directly into electrical energy. This helpi us to find out how much 
sunlight is striking the surrounding area* 





SIUCON PHOTO CELL 
AND AM^itER 



RYRANOMETiR 



TartDSi 



3, 

5: 



Insolat^a - The solar radiacidn raaehlng the earth or the rate of 

delivery of such radiation per unit area surface. , 
Pyranometer^ Is a deyica that converts solar energy- diraccly into ^ 

^ electrical anfr^, J 

Aimacer ^ A device used to measure current flowing in a wire.; 
Current That energy flying through wires ^mTOsured in amperes, 

Voltagei ^ The differanc^ or .charge r 



MEASURE^T OF TElgSRATURE ^ 
. / ^ A eoTOQh dsvice used in the msaaurement of tgB^eracure may be the 
' ■ thermomecer . Most chermooeters consist of a thin glass tube with a small 
bulb at one end aid a. scale along the tube. Mercury is contained in the 
bulb which My travel up or down Che tube depending on (.utslde tempfra- 
tures./ Different dolors my be place^^along the cubes co represent dif-- 
fefent temperature ranges Sueh as hot| room tettperature, and cold. Cloaer 
temperature measurement c«i be aaen by reading the scale. Temperature 



-te«l-nor"waiure energy directly but is necessary to meaaure changes in 

, ehergy such as heat. Also, 'the choice of a temperature acale is arblj%- - 
cfary.V That is/.any rirmber of linea' units My be picked between to 
te^eratures., rsuch,as the freezlag pdltttt and boiling pol of water. 
Since the fteeilni point and boiling" |oint of water are eonstant, we can 

'pleW-a f reeatog point -at 32 212?. This scale is refer- 

red to as the Fihiehheit 'scale. A Simple scale may be, to choose zwrc (0) 
as the frsfilng tioint of ^Atet and 100 as the holling point. This, is . / 
calied the Celsius scale. Afty amount of linear u^lts can be given. The 

-towest-t^p^er«nrrrihftT^W~3Sbstance can reach is -4S9?F (or t270°C 
C scales such' as Che Rankine md K^^ 



ERMIURE ;(cAug:e) 



A thermometer is a device which tells us what things are hot and. 
.what things are cold The ..different colors that we see on . our gauge 
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IffiASURiMINT OF mmGY 



Up until the paat few hundred years , hi^ans principal source of 
energy for doing work was the human arid animal power .and simple machines • . 
Of course, hupaans used such devices as windmills, wajter i^heels, and sail^ 
ing ships co replace human muscles; but the forces used in driving these 
machines t wind and waters were unreliable- Sudden droughts or long 
perioc^s of calm, weather would liffllt their use, Muicl^ power was ade-- 



vivaii*. As time elapsed, the control md use of energy Increased, as man 



began ^o domesticata tod use animals. Since these early beginnings « 
tha^ ^argh for other forms of ener^ has coritlntted up to and incruding 
the present, ^ 



B#gitoing /irirthe eighteenth oSituryi the need of reliable energy 



sources for perf ormlai mans work resulted in-j^chines built to work 
harder md faster than hupan muscle/ During this age of machines and 
Industrialisation , man began to realise, a need . for meaiur^g energy * 
nEn- o the i 



" ^uch ene rgy -was Required to qd a certain amoimt of 



work. 'For exmplei might describe the amount of bfcen needed to pull 
a cart as "oxta power^l No definfts wiy of 'measuring 

pow¥r had' been acaep t efi^ffi no atti^pt to ^correlate power with ;def inite : 
physical qualities iiuch as weight v^idv time had ^been developed, i In 
,^£06^. Jm the inventor^ of th^ stea^^ engine * de 
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' It was aot* necessary for James Watt Co usa the horia to develop a 
methed of measuring power* Any aijianl or machine capablf of doing work 
could have been uaed I all of which could have been used to develop some 
universal method of meaauring power. Horsepower ig widely- accepted coday. 
in measuring the power of machines and engines, \ * ' 

Through the development of machines and engines* ht^ans have learned 
much about ener^ and_workj_^Poye,r JLaJMasu^ 



energy is being usad, then. machines with more power aan produce energy 
or do work faiter* It has been found; that one. form of mer^ can be 
^hanged into a atOTber of others by using a machine* It has also been ^^^^ 
fouad that In using' an engine , work output , is less than enera^ taput . 
Work or tfher^ ; available to move things is never greater th^ the energy; 



^uT~into a' mc^ energy gon^? In most cases* this 

enai^ has been lost as heat c^aed by friction pi the moving pa^ts of -^^ 
the sachifle. It has been foimd that, making "^chines with fewer mciVing 
par ts^ more useful w^ done* Soi^tiala^iiSe^n^^ 

"adding up all the energy put other 
foms is .eKac^ly equal to th^ energy put into the machine, this is aalled 
the cohservatlon of energy/ (Flgura # 



Unit Dj^jj/ (Approximate Gradft Level Kindergarten) 
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OVmviEW / : ; _ ' ' ' ^ . 

Through "^^class diicuasion, the concepts of big and s^l^l .will ba 
discueead anri ^defined ^ Co^arisons will be, made, and the\ class will 
arigage in sdtaa basic maasuring aKerciies, 

- LEABNING ^BJECTiyE / L \ 



Studants detoon^cfface an awareness of /ith^ basic. concapts of miasute-^ 
/ment- through participation of classroom- aKperiencW and 

'expdrijient/. 



As/ we : have discmssM J£^^ engaged bahavlar can be 1 avaluated 

■ byr ciacMer obBervation invbivam^t* Ivaluatiom shaets are 



enclos|d_Ji^e Flgui^a iD-f) 



I Spaclal 



Ly ^constructed jcrl-^colgar- theraomatar ; 



V0CAB1 



(iratwe, biggety waller .^hotter, -^coldarj^ faster 
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,, . , LESSON PLAK 

- ' -. \ . . " ' 

Ask the elasa to think of the biggaat thing they can. Take a sag- 
gaation, Aafc if someone can, think. of southing ^rtilch Is bigger than 
the iiiggeated item* Then, ask if someone can think ot somthing , 
biggec tnaa the 2nd suggestion* dontinue the process until (1) 
■the class seems to bei fading, far until (2) no one can think of a 

- - ■ , L i , , ., . - ' - , • ' 

bigger item, ^ r \ i j 

/ ' ■ ■ : ■ : / :} 

D© the s^a things for the smallest t^ii^gs, Csee 1 above) , \ 



Ask th41lasa how we taow that the "biggest thing we've .thought of 
f / ift b|ggi|t than fch^'^^^ thlng'%^ Come up with ^he Idei of 

! ' / measuremant ^ 




the trillesc^f in th 



J 



f a ; Sea %ho 

. See trtia,.flggr^^run_feKg^ 



fkha fastest 




(bb things TthatT^aa be messui^sC i^i^)^ 

latrqduca W thapttomafcer as a tool , to ^fflaasupe jhow hot ot_^ soma^ 
thing is* / iCM |tte^edr::axplaiEfy\t xha liquid goas> 

the /hDtte^^ycmithing_i^f >7 i 



1 



[ometerv^ 



tallest,, .etc.,; ;7:tA3S2^^^ 




SPECIAL NOTES 



In pLdce of cha specially constructed charmomater (Figure D^S) you ^ 
may uaa a po^l chermometar or other type of chermometer sulta,ble for 
using in Itquids and merely wrap it with colored tape or callophane, 
similar device may be used. 
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METiFi!iECOflD SHEET 




ENERGY IffiASURQfENTS , 
Unit D^_j (Approxl^Ce Grade Level #1) 




OVIRVIEW 



Studatita are Introduced co the basic meaaTirement ,toolai the ruler, 
Che ieal#p the theraomecer and the radiometer. They are ihown what each 
of these tool^ measured, how they kre usedt and^are given a chance to use 



lach tool to perform Bieasurementi. . . ■ 

, . \- ^ ■ ' ■ * . X" 

LINING OBJECTIVE '. ^ \^ 

The first grade students will demonstrate an ability to perfoVin 
basic meaaurenient tasks applying an imderetanding of ^ the functioning of 
the following, tools i ^ ruler , thertaometer, scales and radiometer. This 
will be evaluated through the bitten reaords kept of eacti measurement 
task, ~~ _ - . 

. EVALPATION 

.The temaher will need to prepare special measurement work/record 
sheets for ea^^h kind of measurffient. Those foV the ruler ^nd for the i 
scale will need to ^Meveloped by teacher* Successes m completion 
will indicate mastery of this skill area, ^ 



-SI eciAL mxiRms 



• A sijHple ruler^ preferrably centimeters* 

• ^ A dimple scale for weighing things, such as a postage scale 

o r a scale for a fisher man to measure the w eight of his catah, 
Preferrably:;ln grms- 

• Specially prepared tri--colored thei^ometer (see special notes 
. for substitution) . . 



VOCABULARY 

tength, weight, tetttperacure, brightness ,^ thermometer , radiometer. 

EXTmSION EiOERCISES " - 

Additional measurijig aKperiancas* 

ft . . 

SPECIAL NOTES - : 

In plaee of the speelally^eona true ted thermomster, you may uea a 
pool tharmometer or other type of theriwmeter suitable for using in 
liquids and merely warp it with colored tape or cellophane* Any similar 
device may bm used* 

The studants eould make their omi rulers inventing ariy unit of 
length they wish, for axMplev length of the tip of their fittger, the * 
width of their noss, the width of their hand ^ and so forth, using that 
basic tmit of measure* ^ke and construct rulers out of heavy paper^ 
color: Cham and keep &hem f or usa for later ^srcisas* addition to 
using the spacial radj^omatera, teachers can use a photographic light 
me.tar. by constructing a colored cellophane ovarlay, over tha naadla loca-^ 
tion^ and achieve- similar results* . - . 

' ■ . 9 LESSON PI^ ' 



This lesson will work bast learning centers* It can be adapted 
CO othar formats relatively aasily, but the more direct contacts a student 
has td,th tha actual tools,' the mora jmcjcassful ona axparlenca ^^^iW^ 



_G1NTER 1 , BffiASCRlNG LENGTH 



1 . ; JChei^rshoti Moa rulars* 

2. There snould be a series of objjsces to maasura. 



1. 

2; 

3, 

5. 
6- 



3* There should be a. TOrksheeC which has Cha traclngs/6f Che 
objects to be measured, so that the itudenL can Indicate 
Che lengcha on the given sides of the object* 
CENTER 2, ^ASURING WEIGHT 

1. There should be either a postal or kitchen scale. 

2. There should be a workiheec which has a series of exacc 
copies of Che scale face (both -should -be color coded 

if possible), ' ■ . 

3. There '^should be a aseries of objects to be measured. 
CENTER 3. MEASURING TEOTE^TURE - ' 

1. There should be chermcmeters, 

2« There should be chermpiieter iseasur jjig sheets (included), 
3. There should be a series of hoc and cold things to measure 
(ic^ watert^ regular mterj hot water, etc,), 
CENTER 4, IfflASURING BRIGHmTlSS 

1, There should be radiometers, . 

2, Radiometer worksheets (included) (figure D-^9) * 

3, Several light sources (flashlighc, lamp^ the roomp a 
' projector, etc,) which can. be measured^" 

Review the concept of maaii^aient, 

Intrpduce the tools and demonstrate how they are to be used. 
Introduce the centers and the thihgl In them. 

Break Che class into: four groups and have each work in. one center, 

...... ■ . ^. r: ' " . - ^ ' " ^ . : ' " — " 

-^-JSioZM^ m ^ thB^c ljaas_^Arpjigh^jal l_f our cent_era^_ ^ _ _ _ __- 



This act ivicy should be repeated more than once, 



^ Wmm MEASURaffiNTS 
Unit ^2-11 (Approximate Grade Level #2) 

OVERVIEW 

This leaaon has two parts ^ (l) is a reriinning of lasson ^21^ 
which gives the studenta a direet experlenee with meaaurltig; (2) a card 
sett deck which allows the students to niateh tools to measuring tasks. 

QBJECTIVES * ^• 

I* The students will demonstrate an ability to perform basic * 
meaaurament tasks applying an understanding of the function- 
ing of the following tools 1 ruler, thermometer, scale 1 and 
radiometer, . 
2* The students 1^11 detsonstraCe appllcatldn of measuring skills- 

! by matching measuring tools with taks through the use of a 

\ ' ■ . • . ^_ . . . ' . ^- 

\ . - manipulat^e card deck* 

EVALUATION . 

y Evaluation for cha first objective will match that of ^2^V 
Evaluation lor the second objective will utlliie teacher observation of 
Individual students - manipu]uation of the card decks as we have previously 
done! ■ ^ 

SPECIAL MATERIALS - ^ ;/ ' ^ 



A stople^rulerj -preferrably in centimeters, - --=™- 
A simple scale for weighing things , such as a postage scale 
or "a scale for a fisherman t^ measure the weight of his catcfiL. 
f referrably-ln grams,, ^ - 

Specially prepar 2d tri-colored^therTiSmater . 



M .Simple radio' dcer. 

• Special Card Beck (Fig. D-11), 



VOCABOT^Y 



Length, weight, cemperature, brightness, th^rmomecferj radiometer, 



E^n^SION EXERCISIS 



Additional 'eKperiences with memsurement, 



2. Pass out card decks to students. Have them cut out the decks -if 
neaessary, . 

3. Have 4iie« sort out the four measuring tools from' the deck, 

4. Have the© .sort out ail the things that can.be measured with a 
, _ scale, ^ * ' 

5. ' Repeat for each of tile tools* . .^^ . ^ 

61 Have them play, a game of gin » ^ere* the packs tff three are midp by 

combtolng tnlnga that^can be measured with Che same tools* 
7> Have them invMLt their oim card game* 
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LESSON PLAN 



This lesson will work best In learalng centers. It can be adapcad 



to other formats relatively , easily , but the more direct contact a student 
has with the actual tools, the more, successful the experience will be, * 

CENTER 1. HEASURINC LMGra ^- " ^ ^ 

1. There should be rulers. 

2. There should be, a series of objects to measure, 

,3. There should be a worksheet which has the tracings of the 
objects \q 



objects tg be mMsured, :so that the student can indicate 
the lengths oil th«given sides of the object, - 
2. ^fflASURING WEIGHT . 

1* There should be either a postal or a kitchen scale, 

' ^ -v ; • , - * 

2. The^;e shoiild be a worksheet which h4s a, series of eKact 
copies of the scale face (both should be color coded 

\ ' if posslbla) . \^ 

3, / There should be a series of objects to be measured, 

* • - 

3* MEASTODIG.TEtffim^mE ^ - 

1. Th eye-s ho ul d b e t ha r m osefeers (see the special note) . 



2* sThere should be thermoMter meaaurlnf sheets (included), . 

3* There should be a series of hot and cold t^tags to meas%».re 
uv- . ^ (ice ^ter, regular water, hot water, .etc, ) . , ' r 

CEliTER 4j. HEASURING BRIGHTNISS 

.^y^:,:^^ 1* There should be radiometers (sfie note)* 
1 2* Rkidiometer worksheets (Included) . 



— . . — — 

3 . Several :light S0iirces Cflashllg lamp , the roomV a 

- ^projectot, etc) which can be measured; - ^; : - : v^^^ 




LESSON PLAN \^ ^ * . 

I. Review th© concept of measurement. 

2* InEroduce the tools ^nd demonstrate how they are to be us'ed. 

3. Introduce the ceriters and the things in them^ 

4. Break the class into four groups and have each work in one center, 

5. Rotate the class thrQUgh all four centers. ^ ^ ^ 
&• This activity should be repeated xa^tm than ottce. 

specml' notes \_ ' ^ ^ . 

The teacher is referred tb special notes in unit _ of tills 
section Is rfelation to mking *substituttf thgrmomatjri * , The students^- • 
could make their own rulars inventiJig my unit of length ^they wish* "for 
ekample, length of the tip of their finger > the width of their n^ose, tha 

width 6f their hmd, and so ^orifeh, using that basic q^it of measure. 

. »- . ^ 

Mak^ and construct rulers out of heai^ paper ^ color them and ky^ep fi^mL 
for use for later exercies, addition to using the special *radlometertf> 

teachers can use a photographic light meter by constructing a rprored 
cellophane overlay,^ over the iierfdle location and achieve similar results 



2j:i 
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Unit, D2_y (Aptfoxinate Grade Level #5) 

' OVERVIEW _ . / ' 

Over a period of several daySj students make a series of measure- . . 
^ mSttti of sunlifKt' and temperature to see the" variation of these parameters * 
- l-iLa an oprionali t^m simstor battery ahargiar caft- be ^used to construct 

a^_*atate of ths simllght" tb obtain a continual class vtauai repre-- ^ 
1.4 ,^sentat of ^the sun '5 incident ,sner^ on the surface of the fearth. 
^ StudBnts wiil graph, and plot the data they are eollectingi ^ X % 



^^'Aa ^stud<wts wU^^ inereaae their, ability to make .energy measurements, 
particulirly^^-i^^ measura^nts> Other skill* levels 



pKgiuch as J^equired iHi^gtfaphlJig and curve drawing. wiH» also be strengthened 

. . will obtain an. under a tandin enetgy 

" varies on a surface over the day. Students will demonstrate a taiowledge 
* .< bff-sh6\f to ' produca and draw graphs- * %^ * . ^ . v 

■ ■ ^ . . - ^ si- ■ \ 

^^.^iyJii'^. m. A themometer (color temp, chermometer optional)^- ^_ .„ y " 
;;^"':Tr;r;:V»'"_ " Solar cell and meJter. " ■ ' " . - ^' - ■ 

.. , , ^ ... - ; -V ^ ■ 1 T- > ^ ' : ^ _ ' " ^. i -.Jt > ^ 



^^^psUii~-^>^> 1' Suns tSr" Wit exy -charger ( op t i'ona 1 ) 



■ ^ LESSON PLAN 

The CMcher will ask the class how the sun's anergy varies over 

se3?aral days on tha groimd. Is the ^ aner^ constant all day long on the 

grotmdf 6t does the ener^ hava soie maKlmim value at some particular 

time of the dmy? Will ^one day be the same 4i the next? Will a tilted/ ' 
^ - . \^ . = ' " 

solar eolleetor rec^iva mora solar enargy than a collactor laid flat,' i.a* 

hdriEontal plane? The teacher will suggest to the class that they actu^ 

p1 ly do a "scMntific axpetlmant" to find answers to these questions* 



ACTIVITIFS 



The suggested format f or ^the lesson is the following^ 
to leisoh Dj^j^s ^ 



(Refer 



large graph can aithar be drawn on the blackboard or on a 
piece papar* ^©ng the horizontal axis of "the graph will . 

--^a..^,TO_^^^^™ants^* The tiro should^covar the span from ths 
opening of school to the clos# of school *.=;.and one rtionld be 
able to estimate periods as short as IJ minutes L On;. tha 
vertical axis will be drawn*^ nm^ars from 0 - 100 (corres^ 
ponding to the 0 tcf 100 read^g on the mater asaosiated with 
tha silicbn photo cellTrr^^Parlodicallyp say ave^ 15 to 30 
minutes, a student will go outs t^a and measure the meter 
reading with ths photocell lying flat on a particulars 

* unobstructed piece of ground. That student can than^retum^^ 
to the room and put hii/har readd^g on tha, graph. ' - 

f . .. ..-.i , ... , ' 

Periodically, as the graph fills, the teacher can call attan-^ 
tion to the data to that point and pose the question to the 



particular ^'research team", "How w: 
build up?" 



Simultaneously with the insolatioa measuretoent , students can 
also make, tai^erature maasurements • As an option, the scu** 
^ dents can draw a second graph to record these measurements. 
' Again the-horiEontal axis will be for th© time and in this 
case, the vertical ^is will coyer the iiecassary ten|ierature 
r«ige for the ^sy* ^ . , ' 

The maximiai lASolatioh measuras^nt should ^occur approKimataly 
mt n^jon time. Fraccadtog that maKimum raadi^g and following^ 



it, ^he sm's eaer^ will dissipataV This is due to the fact 
the actual solar iAtansi low angles of the sun is sp read 

out lovtr grrfatar surf a^ ag (cos toe --af £ec^ty-^af#r-^Q^=±^ ^ 
Cj^i . Aiso as tha stm approachas tfia horiEon, the solarV 



anargy must p^ss Vthrouii^ greater and greater amounts of the 
atmosphere* The air absorbs and scatters the solar' energy 

^ffiis particular student experiment can be obtained for a \ 
single 4ay of good, clear weather and a single day of cloudy \ 
weather or done over a period of several continuous days* 

_^Make speciral Tnotes of chmnges ^in solar intensity due^^to Jcldud 
cover or- to the sun p^ssijag^birtl^ 



The teacher is .referred to ^the background material- that ^c 



lightbulb to develop thm state of the stihllght as diacuseed 
\ . * in the background material • * , - * 

\ ^ ^ • - ^ , . 

\^ SPECIAL NOTES . ' 

As variation to the classroom eKperimentj the procedure can be 
repeated ^aith the- silicon cell not on the horizontal surface, but tilted 
W soffle"s^t^,of little rack* The rack can be dimed In different dlrec- . 
;ionSt i.e*, due South7--^4St , Westj and even North, Thf students caji 
Chen see for themselves %Aat ef f act '^Iftcement of solar^ collectori have \ 
on tha actuitl amount of solar energy that can be collected over the day. 




: ^ ' DETAILm ENERGY MEASUREJmiTS ^ 

Unit (ApproKlmace Grade.fLavel #6) 

It is suggsstad that lessons B^^ and be used to demonstrate 
cha meaa^reMnt of energy rel|u±tements -(CF, B^^ page B-32 and Fyj 
F-3Q). 
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AND 


ENERGY AND SOCIETY AW^^ENESS 






SOClfTY 


We, in the Unlttd States, aonsi^a 


a huge ehunk 


of the energy 


used In the world todmy* while we are a 


am 11 


part Qf 


the world *s pop^ 



ulatlan. ,^gt of the energy we uae comes from such resourees as petro-- 
Iem» natural gaSt coal and wood, M.1 hut wood are non-renewable ^ ' 
energy sourees» that ist once they have been .bUrned, they cannot he 
replaced. Woodr cw be replaced, but it' takes .years to grow new traeB 
to replace ones out dom. . Our present supply of non-- renewable energy 
sources rnmning shbrt. Miat c*m we do tO; keep from running out of 
energy? . ' ==^=^ - 



/ Onm thing we can do, is t^ look £6A other, ener^ souteeSi Cro you 
n^^^^oiae? Some of the. other ener^ aouroes that exist delude nucle#,if i 
hydroelectric (daaEs) * geotherM tidal * and solar. Thera are mwy, prot* 



T ainjg^^j^ T -f^-f r a^-f rti-ig^Fft--^**<4t4 MRt* rgy^^jjpAgT Nuclaar euer^ is costly 



requiring sophisticated tectelquea " in^its appli prob* . 

leias concerned with waste dlsppeal . PeraMf mt_COTJ:al^ent- of—nuaie 
^aite (fission products) is a/iBajor ipsue/ Hydroelectric * orT energy that 
-Com#s from dams ,v has already been' fully ^utllizad in the United Statei and > . 
i?vf ^ othe]r^p«ent^ exist? c QeothMaaJ^^^^^ 



In the form of steam ior - hot watery 



»*«fi»^^^iit^iriay'*miirw=^iM r, 



trphli 



and it cmn h(k used" from heating hot water to producing electricity* One' 
p rob les that txists with solar energy as well as other energy forms, is 
the cost of convertirig it to usable form, . Presently s (1978) it costs less 
to produce eleetricijty from fossil fuels than from other energy forms* , 

Mother tHljlg we ean do to keep from running *^ short of energy , is 
to conserve energy. Conserving energy memna to use less and waste less 
energy. In this way we can stretch the lifettoe of our present nqn-- 
rmewable ener^ sources* There are many ways of coffserving energy* in 
our homes w Can you name & few? Some ways to save -energy in the home are 
givm below r ; / ; 

■ L. '4 ' Only use lights wh^n they are necessary p unless^^f courses 

If you're the kl^d that sees Jji the darks yOu. won ^t be need-- . 



Only use. hot water when necessary, and lower the_tfemgeratuxe.=^ 
~^^~~~^cHhtrol on your ^mter heater* Loweruig the temperature on 

water heaters saves/ ener^. . V 

. , 1 ' ' \ 

3. While heatings or. cooling, keep all outside windows and' doors 

^ ^ _ - 

closed* This keeps, energy from getting away from us. 




taffiperatura (usually called room tamperature) *X The warmer we 
t the inside to be, more heat must be added ahd^^ore 



/ 



ener^ is used* We also use energy to run air eonditloh^rs 
in the iis«Bet: to keep the. inside eooler than outside. By 



using the air conditioner less, we may get a little ^^^^^^ 
but we can save a lot of ener^. 



These are only a few of the ^ny ways to save energy. 




HISTORY OF BGLAR mmm . : ' 

In prahistorie times, it have been obvious to human beings that 
the Sim was esaantial to life on earth, giving off solar light and heat* 
Many of tha early oultures that deyeloped identified the mxm as a God, the 
creator of life on earth. The AEteeSt Incaa* Babylonians s^^and E^ptlans 
Were B\m god wor^hippere* 

Direat, natural uia of the sun his bean practiead since. the begin* 
ning of agriaulture not only for growing plants but also for drying fruits , 
vegetablei^ tod other arep^. flarly ci^lliatioii other ^ays of 

utiAiiEtoff "TOlar anar^. The Igyptlaha i/oisid ways to itora solar heat 
through transparent surfaces « The Arabs ussd ssflar energy to distill 
brmcl^sh .warsr, Hia Az tecs used so lar energy ta Al^y PQtcary knd _ ; - j 



^vessela^ 



vita wusual use of solar energy was made by Archimedas in a mill^ 
taiTf Conip^ntaClon baleen and an invading Boman f leet in 

the harbor ol^yraausi^p Oreece^;^!^^^^^ B*C. , The story is told that thi 



/ incarast In solar energy Increaaed during the Renaissance era as 
icientiats used aoiar davlees in their eKperlmants to burn substances » 
raisalwatarj and to ha^t or meit macala* Eighteen hundred years after ^ 



the Sitory of Archimadas, in the teventaenth centu^i Athanasius Kircher 
parfdrmad soma ei^ari^ants to set fira to a woodpile at a dlitance in 
order to deteralna tha validity. of tha^story of Archlmades, ^ 



Further taVMtigatfon led by GeoTge Buffon demonstrmted ixi 17^7, 
thai a wQodplla 60 matar^a (197£^) away oan be ignitad ustog a nuraber o£^ 
tmallvfiac slMOtsv dotukt Buffon cone ludad thatf ArehlTOdas' faat to 



burilitig tha Eoaan %mwMipm^ ims possible* 



Antoiae t avals iar, tha founder of nqdarn cheiristry,^^^^d 



oiqrgen as aie gii produGedl by^^ conckitratad^qntd : 

oxlda by a- systm of lenses ^dir act ad toward the m\m (1774). teispara- , 
t^mm up C,Q 1760**C C3200^F)\were producad by the lens system* 

Ip 1839b an atteopt to genarate an elec trie currant by action of 
smllght was .successfully accompllshad by ArE. Bequeral- In tha latte^ 

\ - , - • 7./ ' - J ■ -" ' ■. .-. ■ ■■ ..•.=:■-.- 

half of the century, a^ttempts' were mda to convart solar^ anergy Intp^' .- 
'u I othet l#aei?gy formg such as generating steam to operate steam engines* A 
UStS^iS^ce'wM^de m the latter half of the 1800's by ai' French man 
"jMffled^Auitait/lfouch^^ %^dMig|M stepe^d collector ca^^^ 



L J, ^ - , _ ^ i 





' In 1872, large^ SQales,ut±lliatioh oi solar anergy was ^.devaloped In 
' Chile by Wilson. A soIat #tlll was built to^ pf ovide much nfeeded fresh 
wat#r from salt waear* This scill operated for 40 years and su^^ied 
up to SsOOO gallons of fresh wat^r pfr day. 

Significant develppmenta were oecurring at the dawn of the 20th 
eentury* New ideas began to^ crop^up as combined solar steam powered^ 
devices and storage batteries ware davaloped as possible power systems* 
itopatimenters ware ualJig more sophisticated engines to improve af f i-* 
.QlenaleSp^ 4 d4fferenC apptQaeh tOMSOl^ davelppad by Willsie 

and Boyle from 1902 to 1308, ttiay used what is now kqiwna as f lat plattf 
coilaQtors tp absorb sunlight*' These units became well developed for ^ 
domestic hQ;t water heatdng In the Southwestern United States Florida « 



But irtth tha discovery of cheap oil and natural' gas that occurred, sola^ 
^hat water systems; becams muchiHleas competitive than gas. f i^ed jwater* 
heaters. . ^ - 



. Aft 1912, Frank Shuaan and others, dpveioped the world's largest '/ 
solar pus^ in Egypt, The steam supplied to the steam engine 

used to drive the water ptOTp was produced by parabolic cylinders reflect^ 
pJiag, :JLi^t^^ :M cylindeir ,iaas 62 tatta^s long 'with 

a: total area of 1200 -square vireters.^^ ' - /■ ; : . ; , 




Developments made by Bell telephones * scientists in . the 1950 -s , 
greatly l^roved solar ener^ conv#r$i«n into eledtrlcityr first. ^de 
by gerquerei in 1839. The new phocovoltaic cell later became useful in 
providing power for s^jacecraft* This new energy source was promising to 
spaee exploration as a cheap power supply f but compared to providing domes- 
ticpQWer on earth, eonventlonal electricity generating syitems such als^^^ 
ste^ turbine ^pQwer platiC3^ffB,ts^ \far le ss;^ — = — — — _ 




Wmm AND THI WAY m LIVE Oim LIVES 
Unit Ej^ (ApproKljaats Grade Level K) 
' 0 % 




OVERVIEW 



This liigson will lend to Introduee to the studancs the conhectioti 
bmtwaen the use of energy md tha-way they live. The students will be 
directed in play to precrad th^ are in the "old uimeB" and therefore must 



live with energy form of that time. 



LMmtm' OgJECTIVES 

Stud^ts A^ll be inprodueed to the aoncep^^^^t^K^^involved with 
their: Hfe stylep by direoted play* The play will be pretending chay^sw-^^; 
In the "old timea'V. . #. ' ' ' V ^-/l.--:,'-^^^:^:^.^^ 



i;^^^^ ; attantion^f tWe studwtiSi 



;^ special materials raquired fof this lesson. Items' may 



-I 
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aaergy thay might see uaad. e,i,» gaaoline In can, electricity 
in lines,^ chimneys wftera we burn wood, children riding 
biiiyeles and $q forth* 

Students may recurn^ to the , clagi^oQa and discuis the energy 
^ - ; ^ they have mmmnt the ^ays it is u^ed wd the possible ways - 
, ; . : en&rgy may hm conserved, | . \^ 

' ^ ^ \ V. _ . . \ * ' ' \ I ■ ■ "X :^ 

SPECIAL NOTES - ' ; . C / . ^ X 

J ' ' :Again this type of lesson ;i% mainly usek as a thpUght ^provoker.^ The^ 
teacher is ahcouraged to use originaiity and modif iektlon^ ifi. so 4asired, 
fhis tyi^;, of lesson can fitted ve^ well' l^ttf a ganeral social 
Q€hmt humanities type, prbgram i 
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i _ Fb^iy^PUfL f iOLARTHfRMAL MLAB THIRMAL 

SOLArt THIRMAI. ilOMAS COV CONV ^ PHOTOVOLTAIC 

I MfCHANieAU / „ MfCHANICAl, " J™ WIND , 

^. CHlMICAk / CHiMICAL . , IIQM^ 
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QiEEGY . USING DEVICES WAT ME DffiORTMT IN Otm LIVES 
Unit Ej^ (Approxiaate Grada Level #4) 

tar a class discussion about entt^ using -devices , the students 



Ai'te: 



will take time to write a short essay on things that use ener^ that are 
vary Important in their lives,. After the assayi are written^ each stu^ 
dtntj in turnt will read his written material* %he taacher at his dis^; 
/cretlori, mayYhava a brief class d'lacussion follwing each essAy v, The class 
wild' vary quickly see how energy la Important In tha way they llva thair 
' ^ ■ lives* = . ^ ^. . ■■■ ' ■ . . ^ V ■ ' 

LEABNPTG OBJECttVES : . > • ■ ' " ■ ■ 

' V xhe ^tudanti will, through self exMrination,^ determine icama that / 

ilse , energy ithajt are Important in their Individual lives *i - 

' EVALUATION ^. ' ■ ; \ ' ' ^ * . 

: - . . .., :■■ ,; r\ ■ 

. The students will participate and write a^one paragtaph assay Itbout ;. 

' ■ : L . ; ' \ v'V ■ ^ . 

- things .frhat use energy that are important to , them* ' i r ^ 

",. ■■.■, ■ :/ • • 

t - SEEGML MATER^S 

' ■ - No^spec^^ materia Ls are heeded .for hl3\lesson. 



- VQCMULARY , . . . . ; / ■ 

igSt*;^: i:^^^ llactricd^,. Gas, . Elf a Style 




tE^SON PUN" 



The teacher will ask the students to look around the classroom and 

idMtlfy items that use ener^. The students will be encouraged to find 
^ - ■ ' ' . ^ ' - \ _ . * 

a ^^rlecy □£ iteme that use more than'''bne ener^ sourees e,g,i such/ as 

radios using electricity, heaters or stoves uaing natural gas, items that: 

might use bottle gas, etc* Once the classroom dii^uislpn has concluded," 

the teacher will ask the students to stop and think a moment about things 

at home that use enbr^ that they consider very important in the way they 

live their livei^* \ The teacher will theii ask each student to write a ' ' 

short essay about thos^ things* ^ . ; 



ACTIVITIES. 



Following thi 
approxlaately 



lead, in TOtlvation, the students will be given 

r5\to 30 n^utes, depending upon tl e individual class p 



to wi^lte their essays, 



\ 



Each student will be allowed to ftmd up and read the essay « 



3* The" teacher mays if so desired, conduct _a^brief discussion foliow^- 
4^ V The teach should be mining note o particular item that the' ' 



SPECIAL NOTES ^ - . , . 

, This lesion can be very easily bridge to gtudiea dealings in Che 
^-ssooial sciences. Students can cdrry o^t projects such as collecting infor- 
mation about things that use energy that appear in the newspapers, or any 
other lesson that, the teacher may determine connacts with the use of ensrfey. 



./ 
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SOLAR MERCT SYSTSiS 



OVERVIEW . - . 

' (It la iuggascad that the tiuchsr read thm suppllsd background 
Infariaa-tion on sQpLte ahar^ systeias b^ors aonduatlng this lessQci.) The 
students are Intrbducad t© the conctpt of a baaie solar toargy systta 
compoasd of four major cos^anents (a solar ener^ apllsctor* a machod of 
3toj;lng ^the collected ^ergy In some^ form to be used later, a method of ^ 
transporting the Vtored^ where it la neaded, 

and some method o^^^^^^ gys,twi_gperatlon) t " The stu* 

dents will perform s_^9le^exper^^Snti, 'Some of which may have been done in/ 
-TprWious; lessons butr this ttae the students aMlyze tha various functions/ 
,:that are going on> Th@ slj^la expar iments ara i 1) fialnt ihg J ar s with 
Hcertain colors amd axmto tog the 
and 2)^^ optional a^e^ the solar 4!ot do^ cooker and/or tjhm 

sun atora battery chargar* \ 



rrH^^E^:. r^^^^ introduclad' tb the cbhcapt of ^ a solar :enef;^ -system, 



^SSS&2^#^cper3^ with" various simple devices to better X^nderstand the 




SPECIAL MATERIALS' : - " ' ; . . 

• l^Q ot thtmm smpty jars/Clarge siie mayonnaise jars will 

f Nscessary matarlals for eaah student ©r te^s of^studehts t© 
- ^ Individually const ruet j'lOc Hot dog cQokers". (Opfilonal) 

# Smh stors solar batts^ ehargar (Qptional) , 
Collector J ; Stsrag^ 



MOTIVATION 
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pQsa the quastipn to tha itudtots '*^3hat ii a system?" T (A sysfcCT 
±3 a s^rit^ of Qomponrats or plsesa put together to sueh a way that thay, 
all accoii^llsh a. certain task in cha most sffiaiant mariner*) The teacher 
can Hiustrate a concept of a '^system" Uilng a vary t^impla^d^ice^ean^h^^^^ 
^ajmalt-aafeaptrit^^TOltrucM hy laying ^ 
a rulers top^^ b^ - 
piece of chalk 'can ha put: on the domi^ 
side of the ruler and when^ the high ' 



fe'ril side is struck, thfe chalk will fly 

""^^'^Mos^'^tha^ rdpfflr'r The-teac^ ean say 
^-^tlTs^JdV^eiiit-wi^l^^^^^ is to 





V, 



\ 



imam to decermiha which side the eraser doea the ^feest • jobr where the 
eraser s^hould be placed along che ruler » and how hard one should hie Che. 
J ^ ruler (so chat che chalk does not^ go straight up ip the air or hit the 
aeiling) , Th^is will be a ''system study". The scudients will now.be asked 
to do a system study in solar ener^, 

LESSON PLAN ' ^ ; \ - 



Carry out the motivation/^ Stress to the itudents the ' 
individual role of aaeh component lii tha^ catapult,* .Encourage 
a digcusslon - oh how big pr';whi^h >erap,er. isho^ 'ba ^ used » how 
hard one should hit the ruler r etc, * 



Carry put a blackboard study of a solar anar^ syatam in the 
following iiannari ^ ' _ =-^^^ 

Ask the- students what will ba needed to make ^ iysteiai that^ill 
collect aunlight-ir^^f^p its aner and let us .uAe it later on? 
The discuaplon ;Wlll have to ibe led* nd .doubt bjn tha teacher, 
Have - the tiaaher ;4 so that the 0^id#nts 

see chat the things needed are: 1) a collaction; component to 
catch the sun's energy and convert it into some^ cither form^ 




component wlli be soms form of "cQntrol", Thac is a method of 
making sura chis system works properly (a, g* earning on a 
pwsp CO circulate water *from a tank to the solar collector, 
turnirig..on a switch Co allow current to flow from the battary ^ 
to the light, etcj. ' - ' ' * 



The teacher will show the . students the glasa jars arid ask. 



'*Can We make these glass J&rs Into, solar energy systems 



If the students paint the &f\jtside of one of the Jars black so 
r that will.absorbH:tJi^ iunllght and convert it tato heaf energy* 
they /rtll mate a "iola^^lleecor", ; If then th^ fill the 
jar wittfe;;^^Sr_md.scrsw th^ cap back on the jar, that will 
also be a salar en^riy storagt system^ i.a^ 

and glass wlll\b4- th^ solar collector It will gst hot and the 
solir ener^ will be transferred as heat into the water and 
stored inside the jar, Lat^r.the students * using care not to 
burn thalr hands i can. pick up jh© jar, btijig it In^ 
his: b#en in the sun . arid warmed and uss the ho t water where ^ 
they need it, i.e., they will become the transport compoaent. 
Question: What about the control component? If the students 
..paint half : tHs::Sattle blafck and ^m^i^^^ir^^.. 



Tar "will- b^ m^sblae co^^^ 



hm paintafl in soma pattern so chat approscimacely half the jar 
is whiti and half* the Jar i§ black 

Af ter the palhtv has dried, carefully ffll the ^jars with water 
and ^aplace the cAps^ . , 



Place the! Jars In bright junlight far approkimately 30 " ' 
i^iutas\ £ch€ specif ietimi placed in the sun can be determined 
to obtain a maxijitm effect of the e^erlment).. After the 
specific Itlrn^ has elapaed, have th^ students gQ outside and / 



measure the temperature of the water uelng a\thermomater «^ : : 
What are the trfperaturesf Are the^'different^v Has our | 
painting, thi jar ^Aite or partially whita controlled the / 
tet^ferature of th€ inside water? • \ / 



The experljnant can be repeated uilJig dlff erant-forms , of pat- / 
terns on the jar and -letting the J are sit in the sun for di£* 
ferent psrlods of time. 



The Students can each makev as an optional exercise, a 10^ V 
solar hot dog cooker. Have the students analyze how the hot- 



Che hot dog cooks * ic^ls transported tb^ the sun by mechanical * 



mechbds (th© studancs ■ hands) , . The ^ontVol ia accomplished 

' - \ ^ L ' ■ . ' A . / : 

by how well we aim the hojidog cooker to t^e sun and how long 

' \ . . , 

. . \ • ■ " ' 

we allow it to sit and collect the iolar enet^* 

, Another. opcional adjunct to the lesion can be t^6 deraonatra- 
tiotf^of tha fsun miOTB battery eharger. "The photoyoltaic solar . 
calls act as' a solar mtimrgy collector. They convert the solar 

' ■ ■ ■ \ 

light ener^ directly into electricity .and than the ^lectricfty 
^ is transported alons tha wires, to the7*battery. The el^ct^ical 



energy is then stored inside che batteries vin the foOT 



chemical energy ^ We can th en later transport thmt energy i*^^. 



\ 



cake' Che batteries and. carry i-Trm m wtiara ua need th^m fin Ai-y^,,,,,, • 



^such devl&es as csys or: fiashlighCSi 



■ SPEGIM.. NOTES / ; 

V / xhjs lesaon in general ia considered very beneficial from the 

standpoint of; teaching the students the art of i observation and logical 
J chou^t.s_Jibout_5htogs in our eves^ livea^—^We can look at many tasks 
-!S"-o> jobs we do using a "system approach". TKis^ls^itaply' a matter of, ■ 



\ 



\ 



r->&analyzing how we do things step by step, to achieve a method of accom- \ 
::l^?^p%shing.4actaak. in a must, efficient manner. Even the ^simple task of . ^ 
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ELECTRICITY AND ENERGY; CONSERVaI ION 

Unit Ey (ApproKimate Grade Lavel ^^5) 



OVERVIEW 



'Studants will carry wc^measura] 



home and possibly also 
amouat of electrical &n 
rtl^ce the mximvgyl.. uied 
aachinsry* The student 
sibtiy CDsia up with sugg< 
tr leal ener^ use . Any 



ime^ta of el 



/ 



ectrie utility Weers at 



\ 



at the school pr|bmises. The studencs will log the \ 
ergy utilised o^er a period o_£ Cime and try to corr 
^i^h che^speQlf^c enfergy drawing applianc^s^t. 
i can ^iBcuss t^e res and thrjough the dl^ou^^ \ 
listed ways of conserving ener^ to minimize eiee-^ ' 
students that/ wish . catfry out an energy consari^ - 



vatxbn program corralatung th^ aetua^ iavxngs with contiriual eleotriqal 
uciltty meter readings civer the schoaiyiemester ah 
do; so - ■■ . 



LEARNING OBJECTIVES 



v Bie students will |earn c^nce^ts of energy Conservation, They will 
be sh&smi hqw to read electricity meters and thra conduct survays of elec^ 
trical ener^ usa, ; Based o^^ the yfindings of the students* they wiir sug* 



ges t methods of conserytiife/ elee tteiCj gl e t ier gy 




Ji. -s- 



^^^^^^^^^^^m^'lm^^^ts^- %k ^able: to read ' fch¥^^i^£^^ttfes¥v:»^^ 





■•■■■/ . 



. • LESSON. PLAN ■ "• j' , . 

\ ' A cwcher dani ask. the studeiits if Chey lik^.co save mone^? After 
. chey all say "yes", thfi teacher dan point out chat one way to save mongy 
is to conaarve energy beeaUie eriergy is v#ry. expenslFe today . j The teacher 



qan ask the studenci i£ any of cheo would like to leam how to save elec- 
trlaml ener^*; The lesson wiil ba^ to learn how to. read the electric ' . 



leter and how to /save eleetr icity . 



It is 'suggested chat the teacher first read^ the backgrqund^^mater tal 
budget fng electricity to/' faaiiiariEe tliffflselves^^ith the method, 
. Ing iaaters/ the pet^ cftlculatlng kilowatt^hours, to liarn approKlinate 

energy riquir^enti bf major /ipplian obtain s^ggeetlons fpt eon-- \ 

Warvlng electrfcal Mergy, v., ^ 

. • ;^ The tMchar will show the students jtow to refd ah electric 
: : ^ # . . iMter pmges E*38 thrQ;uj^/il*43) 

I V fha . teacher cafe also supply to tha sti^ents/ a' li^ elec- 

/ tTiaal energy appliances* 




■/,:/ 



The 'teafehar caii then by 



"A- /I 



supplying to th^ students c 



ertaln electri^al^ a^^ It 



/ then . can be suggert^d^as-to-^what: period ^ach day.^^^ 





• ^ Thfe: students can chen make a lg,sQ of = icemi in che scho^ol that 
'use e^.ectrical ener^ and/or icema in chair homes that use 
' electrical energy. Hiye the students^ refec to the list ot 
^mjor aiectrical appliances and electrical house ware and 
' ' ''small ■appliancts \hat ate suppiied with the backgrourfd infor-. 
' = . mation ior the teacher* ^ ^ ■ ■ . = 



Have " .the^ students es t Ima te . how much electrical energy: they- 
chink the school ahd/qr theit^ home may consume each month. 



Have the students thto carry out eieetrlcal energy meaaifre- 
ments by reading their* eWcttic^ \ 



The student i can cake- thelr/BOftt^^? y tamajtes and make average 



%n^gy uee estiraate^*' 



■ / • 



Have the vafiudents compare their 
thfir originlal est.lj4aces,' 



d ally ■ me t-fer ? r eafi ings VI t h 



Class dlseuaslon r can- thjjL be tvild-on ways of cohsarving'^^li^ 



rtrtctft^^ner ^ ( e 



g , turning off Ligh ti at home, ■ in; rooms ; tha t 

.. Y ■ 



are not ■ In; use) ; t^tilizing coni^n^lng te^niquea t^ch 



tm rigaratctTs etc. 



S:pg.CIAL:.NO:EES- 




liiHKpRliiili^ 



hampfltymcalle^ 

— M^^^^m 





^^^^^^^^^^^^^^^^ 

i#i^^^ ^SH.EOUIiTiWUMllBm» 





1 ndtMhM&Min^™^^"^^ 



. . ... .. . i ^. ,^ ,^^y^i^^^.'<i^^'^j,^^^^^^^^^^gg^^^^^ 



|984atbtfinMai#werage"«day|3felectnc«^^^ 



■St:6();day^Mpn^%cia^H60M 



nf^yiibiUiiSlthatlelectn 
rf^AtyjsrtSShinganec^flaar^.^o^^ 



t)iv?Sc lift-. iT< 



iia!lS@(wiS j/'i ilJaigi^vJXI Sillies' 'j]!SMiiS|5e WS£-^ -^iC^ iiSl '^:7 
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SOLAR .'kERGY SYSTEMS 



llant Energy IncJ Heat 



Con'vertln^ Radlanc Energy 

... Enargy is conaidarei the ability -Co do Work; energy cAn take mahy 

. ' ■ ^ . • ^ I ' . - ^ . ^ ■ ' . " J, 

formSi We can have light energy, heat energy , meahanical energy, | 

elaatri^al energy, etc. If qna ware to set up a hierarchy[ of the most 

important enargy forms in ralitlon to the earth* light energy would no 

' ' ■ \ ■ ■■-■"/■ ■ . \ 

doubt be at tha\ head of tha /ll.st. One could present argumenti tio sho^ 

^ . -f : -i " \ / ' ' ' ^ ^. , \'- \ ■ - ■ ^: 

that all inergy ^oras we h^va cn earth can be traced back Jo tha sun. 



Foi 



r exaspl^* all the fossil fowls that we have on .e^^h could hava 
thfilr origin traced' back/ to the sunsj THsss fiials "ars the results of ^ 
toftlent vegetation and yanimal lifa tihat exiited through •^the' courwsy i 



of ^'Kr. Sol'*., ' ' - ^ V 

U f]^ light which we r^eeJ^a froto tha sun depends iipon many 



<£aSiorsw Such things as tha size of the iuni.. the distance tha sun 



^ ' froi t ^temperatura of^^ theirsuif all haip vto/- \ 

4ailne^hertooun^ flight toer|y^ earth. 

In the case ^ tha -fun, the^urface teipmrature i^-aW^_6 j^^^^gTeas— 

^^^a^in ' ( °Kl Xdag»as Keivltr^^ aWolute temperature scale) , AD 



S^ffi^erb degrees- Kelvin , ev^thihg will^ti|io^ ::so^ 

^v^.-^^i^^^'^X'^^i^ll cease- The' tampmrature of water freezing occurs at 273^K. 
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^ bilack CO us when viry liccle radiaCioti is rafiec\ed £ rom the surface of 
the obj.ecc back to bur ayes* ik th^ case of blacky ofejeccs , they^become 
very hoc since\^^^cha ^ajorlty of the light enet^y Is absorbed^^iid trans- 

' ferred to heat \|ner^* . " i \ 



Simple Solar Collectors 

We can f ora. a s^ple solar ^collecto^ by| the paintWg of a pop 
black. In this, cases the sunlight wilk fall on tne black painted 

- ■ " I ' - r ii 

outside-o€ the pop bottle. If the bottle is 
/inergy that is convert^ 



Ls |f illed with water* the Uight^ 



/■ 



inside of the -bottle, 



d into heat will be trarisf erred int© the "water 
Then baaed- on/ the lockl conditions, i*e.j how 



cold- it Is outside, the -^o^t^of Iwtod blowings etc., an equ^ilibrium 
wtti^bre^Set up between the amount b£ light /energy coming int^ the 
b.bttle and the amount of energy being lost /by ■ the bottle* You will find 



fa b: gdodysumer ■ s day the bottle of watir| might get about 100 "F 
tamparatur^* 



/ If ouri desire was-to- obtaaji water in tha; range of temperatures 90 



I to 1^^ Fahrenheit, this /aimple \painted b bo^le woup^d be 

/ all' the solar thermal aysr am we/ might actually require , 

; Swimming pools only normally are heated in the range^of _the^m4d=-to 



idw;8pXa ^ tFjuZM^Msequently , 



aw^ming p^pl^^Njolar thert systems 



can use 



Jlliijireiryoialmple^^^^^ , Nothing: mdre/Ws : needed than ,a' series o E. ^ipes 

^tttapt^^f e ; attached tp i*a black ] material 



t ha r ab po b e the su^ i . gh t 'fpd 



l^^fM^ar^i'ftM-s^^^ ^=ibn^--a-ii- 'there 



are 



'If 
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AbsoVbeg Plate Construction 

\ \ ' ~ ■ - _ 

\tn the case of tht painted black bottle* we can easily visualiEe 
that whanavar the sunlight strikes the surface of the blackened bottle, 
that sunlight can very easily be converted into heat energy. The heat 
energy^ in turn, transfers into the water. As we are visualizing i 
imagine^^ taking the romid pop bottle and make it into a shallow flat 
tank that Is very wide and very long, but perhaps only a fraction of an 
inch thick. Now you can see that if we fill this with water, we will 
have ?E large surface area to intercept the soJi^c,; radiation ahd a large 
area to convert the light energy into heat and transfer into the water. 
Aa a result, the> water shouldn very quickly come up to temperature. If 
we were now to make holes at the top and bottom of this very £lat____^^ 
container, so that heated water was taketr^f: m the top and new cold - 
water added to the bottom, we would have a good so^lar ^haraal collector. 

However] this design Is- difficult to construct in a way that 



would allow i 



smooth flow of water all over the solar ^olleotbr . Another 
design could be to take a iar|e sheet of copper. Serpertine copper , 
tubing along the surface of the copper sheet and solder it Into plate, - 
then pkin^^the whole^-assembly^^^^^^^^^^ (Sea^^ Figure F-1) . Another method of 
absorber platej construction; might be to '^a^. a^series--ofr^tubes all 
coMihg together -at^^^^ t^^ top and the bottom into larger tubes we call ^ 
-headers, (See Figure 2) ... ^ \ ~= T " 4. v , =; 



fft^warious types of construction of absorber plate ali have 



t^y:?^^^mfci§X^^^ The more water area, we , can have 
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Figure Serptina Wateway Collaetpr Dasign 



'-2 .;«.^;Bmrajllal^ 



mm 



ixs/aYi^iC.oldectotj-DMignj . _ X*. . .-. 
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with Che serpertine pipe, Che copper sheet is first heated by the sun* . 
The heat energy must then conduct itself through the copper and finally 
into the water ways. If the copper tubing is very thin and has many 
tumi to it, this will cause a great deal of friction as the. water moves 
through the pipe. There will be a large 'pressure drop throughT^TTe 
collector. Parallel water-ways do not have so much friction involved 
^l5ith them* However, if the pipes are widely spaced so that, there is 
much^metal between each one, the efficiency of getting the converted 
light energy into the wkt^^r tubing may not be as great as if the 
parallel copper pipes are closely spaced. These problems of technology- 
must alsa be moderated with the every day problems of economics. Closer 
spacing of the copper tub ing^^r squires more, copper tubing to be used* 
This collector will be more expensive than a collector with wider spaced 
water ways* Modem solar collectors generally have compromised to a 
spacing of water ways to the order of 6 inches * 

-^erlar^ Therml Cbirictb^^ / 

We may ^ow ask the question^ what if we wish to obtain temperatures 

e ' ■ ' ' . -- - - 

Chat are higher than lOO^F as we can get with pur painted pop bottle or 
'other bare absorber . plate desi^? Then we must find a way of not letting 
the energy escape froii the absorber plate* . We put insulation around a 
frame and on the backside of '|he collector* .This insulation will 
inhibit heat from being lost- The inside of the iiisulation^has a coat- 
i-ng of aluminum fqil that will reflect radiant energy back into the 
cbllect^jrV '(t:he, radiant energy that is being sent out by the collector 



= To keep the winds from blowing over the cop of the colleti.to-r-r--wi 
will use a glaging- This wilL^jDdu©#^-^^a^ air space'' that will 
^nd^^ca^ce^p'Tnergy from being convectad away from the surface of the 
collector* / , . . " ^ , ■ 

We cin improve- the design of the collector to obtain higher 
temperature. We can increase the fflnount of insulation around the sides 
and back of the aollactor. We^ can have more than one glazing over the 
front o^£ the collector to obtain a series of dead air spaces. 

Solar Thermal Energy Systems * \ 

To have ^olar energy systems actually produce hpt water or other 
uaeful casks for us, the collector must be part of a ■'system"* .Solar 
i thermal^^syacems are always composed of at least three components and 
sometimes four,/ The thres basic components of a solar thermal energy 
^jrstem.arer 1) the cpllector; ,2) some type energy storage i^Md_3^ 



method of fransportiji the hot water to where it is needed (ife say hot 
water, but this could be any fluid /transferring the heat energy where 
it is required) * We ^laye already discussed the solar 'bo llect ion ' 



Component of this system. Let^ uf now look at the storage system, 

/ . the simple painted black pgp^ bottle was a combination of coll^utbr 
: wand st^^rageiy I£^^:^^ it black and tWn place the tank 



whan the sun is shining upon it. Heat enprgy^ tends tp flow from 
locations where it is hotter to Locations wherV it is colder. During 



the day, the siin is hotter riormally ' than Che' watets^and consequently* , 
there is a flow, of heat into the tank,. However at night timej this-'ts 
not the case. On a clear cold winter night , the;:^ sky , a^ f ar as 
radiation loss is concerned, can look veryi very cold. As^^ results the 
tank radiates its energy away very quickly when the iun sets,\.^^e can 
improve on the bread box design by going out and manually putting an 
insulated cover over the surface of the glaring when the sun is setting, 

Mr. William Bailey made a major breakthrough in solar collector 
design when he separ^Ltad the collector from the tank with thermal- *' . 
siphon hot water heating system, (See Jigure , Now when the sun set, 
very ■little water was .actually Iji the collewtor itself * and consequently , 
very little energy was lost * The majority of hot water was in the well- 
iflsulatid tank and -only iost approKliMte^^^^ l^F per hour * It. ihould; be 
ndtad that eherg^^^^^^ storage ta^k dapends on' tiha surface area of, 

the tankT the amount of insulation aroimd; the tahkV and the temperature 
^dlf f Wence hatw^ hot water on tha Jjisida of the xahk and the air 

surrounding the isutside of the tank* - 

.-: * . , ■., 1. ^ * ^ -.. ;:.v^ ■ : ■ . ... ^- - 

Referring^ ty Figure F^3i we can Explain the" thermal'-siphon action 
^oS the heating system* Just as hot air rises amongst^old^^^^^^ 



collector, it Is continually heated and continually rises. Eventually, 
the water flowis out of che top of ■ the collisctbt into the top of the tank. 
The top of the tank heats more and more, the cold remaining water is 
forced to the bottom of the tank and the system cdncinues* On a bright 
sunny day^ therraalpsiphon hot water heating syitems can have the wat'e^ 
circulate at the rate, perhapSp one gallon per minute (i.e., with the 
normal size home hot water heating system). 

The fourth compbnent of the .system is some form of '^control". We 
apply one aliment" of ''control" to the Chermo-siphon system by making sure 
: thmCTttfe tank^^ of 18 Inches to 2 ft above the solar collector* 

Otherwises -whOT the. Sim sets reveise and the/hot water 
would then be con tinuaHy coaled by Wdiaticn away from the collector- t 
the cold night sky* ^ ^ ; ^ ^ / ^ 

Many home owners- today do. not wish . t& have the combination of solar \ , 
Mfipiiector and tank on thei^ ropfs,^ : not 
constructed^irf such a way /to support the weight of* the tank. As a result , 
many of the , solar systems' today fblloy the desi^ of Figure F-'4v Here ; 
Che collector is placed /on the roo£, but the storage tank is now in 
I^cpe^^fofeatio^ such as garage or l:aundry room. We cannot obtain a 



/ 




MAX! UP WATIB PROM-Cn^ SUWLY 



Figure F-A. Pumped (Active) Solar Thermal Hot Water Heating Syscem 
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clp^djl4ss skies. However, this cype of condicion is becoming harder and ^ _ 



/harder. Co find in our modem sodietyJ Control is also needed to preveflc 



syscem damage due tg freezing. or overheating. 



/ 



/ 



Ochar forms of control systems have, therefore, been introduced. 

" / ■ 1/ ■- ; . ■■ ■ 

One could usb a pimple photov07lfcai^-c is a solar deylce that 

directly converts sunlight into electricity) that coujd conCrol a relay 
which, "in turn, would turn the pump mo^or on and off/ Another method of 
control system is a -'diff eraSfeial thermostat" In /this system, temper- 
acure sensors are placed at/ithe ^bottoik .of the storage tahk, the locationL^ -;:!. 
of coldast water and at tH4 top ofl the collectors the location of hottest 
water* A so^all mlcroprogessQ^ then, con t^jiually 



te^eraturas* If the temperat\ire'i&c t^ collect^ tha^i^ 6lie^:;i.. 

temperature Wt tht /.storage/ tankV the sy s^m can igftin f nfr ^d_ the ; . ^ 
pump motor is turned on. ^'If , tKe\rever^ is trus* the storage tank: couW 



\ 



)tor iti the o/f 



inlyf^^iose energy and the jBtcroprqeesppr^^^^^ pi^p mot^ = . 



position. 



Siting flf Solar Systems' 



1- 



■1- 

-/:\ 



Baf ore we^'SK-cohclud discuision ©f sblrar chermal iystet^Ss 

mus t Cdvir the "topic^ of - sluing . That ts* the 'de^4^WatA^i>^<3f how 



v:j^.,big tha^toi4y,;(^^ atid whkt size, the stfoMge :tank 

-should be in correspondence to, th&'.cDiiector . This casL.ds accompliih^d,-- 



■fitorfelnfe, dowhwgi rd, b.ut,.^bfc:3^&^ 
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many showers che family takast the amourtc of clothas wa^r required. 



thst types af water; use appliances in the homei and many otfher faccors,. 
One firs^ determines che size tank to accoimddate thi@. demand or some 
fraction n£ it (economically doing alyput_2/3 of che demand with solar 
has bee^i foUnd most satisfftctory) . It has been found/\thro]igh practice 
that asTTTWe ©f thumb, one should have apprqximately^von^ square foot 
of solar M^ollector fo^ each 1,5 gallon if hot water required in the 
storage t^nk,^ This^number is fleKible, in actt.ai fact. \ln practice, ^ . 
one may lind syst^s designed where there is one gallon ot storage 



water fQfr_each.sqjUare:- foot of collector to, ;%erhaps, other! iystems where 



c'herp is asrauchjas/ 2 ■gallons -of ' storai«!,foc «aGh'' square foot __qf \cbllector4- 
Cbj^lbusl^, th» more collector area..in_reia£tl9n"Co scotage tanU, the ' ' 



quiQkelr rthm ho&-#ate^r:7Wilt7be heated . 



Photdvolcaic So 



ar Sys^paa 



Foil a brie' 



'device V 



.-^f-iolar^ pliocd cell 
discussing Che v' 



£ SKplMatlon of what a V sqiar phqtpvolcaljc'- 
is, -the reefer is referred back ra the shorit wrltt^up^ 
iunstor'* solar battery cKtrget* • A ;pbotbyoitmi^/iQlar 



V 



> .While %ov ail practical purposes a solar cheirmal syscem is always 
^usad in cotijuncxioti with an energy storage componj^t, thia may not be 
^. Che casa irlth soiar p*hoCQVblcaic systems • A good eAmplb might be an 
electrically ^driven Water pump. This device would^ be designed co 
operate only during dayirglit hours^. The electricity from the solar 
phatovoltaic cpllectorp would bje sent directly Vco the pupp^, Thia sqrt ' 
of system would alrfo self'-cc^f^neffr'^rrai^ sun was ^ot 

out or. the weather was. cloudy ok overcast, not ehough electricity wquld 



be p 




d to run tha pOTip, 




/J 



J. 
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SOLAR iiNERuv iv-'::ii:>u; * ' 

OVERViEW 

'^Xt Id jug^^sCdd chac Che caacher raad zh^^ supplied background 
iuformaCion on aolar energy systems before conducting zhis lesson. ^ 
the ^cudenns are Introduced to the concepc of a ba^sic -^oL.ir enr;^rv4^' 
coIIactiDr, a mechod of dcorinf the cQllected energy in ^^ome :crni Z-:^ be 
:ased later, a mechod of nransporcini che stored or directly coilecued 
energy to where it id needed, and some method of controiliim :he overall 
system operation). The scudenta will perforni dimple experiments, :somB 
of which may have been done in previous lessons but this time the 
5tudant3 analyze :he various functions that are going on. Tlie simple 
experiments are: I) paincing jars with certain colors and examining 
the final result as a ^'solar efiergy system", and 2) optional experiments 
utilizing the solar hocdog cooker and/or the sun store battery charter. 

LEARNING OBJECTIVES 

The students are introduced to the concept of solar energy system., 
and axpariment with various simple devices to b^tcer understand the 
individual role of each ''component" in the overall "system". 

EVALaATION 

The students will achieve a basic understanding of a "solar energy 
system" and the various major componants comprising it. This evaluation 
can ba achieved by having Che students draw a picture of a solar system 
pointing out the individual components. 



SPEC I a:, :'UrER:AL3 

A "wo jr Lhr^ie empc: ;ars \ small sec a pop bo' ;-s v;:.^' v^vr. 

• NeceSiSarv xacariaid for racn ^cudenc or ndam:^ or jtudt*nt^ 
individually conscru-^ "10c : dog cookers'^ 'optional) 

• SunrfCor soLAr bdc^ory charg^^r 'o;^ion.in 
VOCABULARY 

Collector, Scorage, rransporc, Control, Svstem 
SPECIAL NOTE? 

This lesson in general is considere : very btinenicial tram che 
scandpoint of taaching che scudencs the arc of. observacion and logical 
choughts about things in our everyday live::^. We can look ac many 
-asks or jobs we do using a "syscem approach'*. This Is .;.i.mply a matter 
of analvEing how we do things step by step* to achieve a mechod or 
accomplishing a cask In a most efficlanc mannero Even the simple cask 
ot writing on paper can be approached as a system, e.g., the most 
effective way of holding the pancil, the best angle that the paper should 
be turned on the cable, the proper pressure applied during writing, and 
anv other specific component that may be of prime importance. As follow- 
up activities, che students can pick a system of their am choosing and 
write a. small essay listing the various components of the system and 
whac the various casks are chat the components accomplish. 



cn how Dig or which t^rader should u^od,- how hard one sn.^uld 
hie thd k ular . v ^c , 

d^rry out a blackbo^ird study of .1 ^olar ^norgv sv^t^:?. in tiriLf 

Ask uhd stuaanc what wili needed co niaka i rivscem ::har 
will collacL ^uniight, keep its energy.' and let us uHd it Utuir on; 
The discudsion will have to be led, no uouut: by th'^ teacher. have 
the teacher lead the di^cus&ion do that the studenCd will i^ee that 
the things needed are: I) a collection componant to catch tha 
dun's energv and convert it into some other form that we can store 
ie,g., haat Into water, electricity, etc.). A second component 
will be 3omeway of s tor ins that anergy (a hot watar tank, batteries 
etc.). The third component will be some "transport subsystem'^ that 
will allow us to taka the energy wa hav^ stored and put than 
anergy where we will^ need it (e.g., pipes tor a hot water cank to 
shower, wires from a bactery to a light, etc). The last and 
fourth major component will be some form of "control". That is a 
method of making sure this system works properly (e.g.* turning on 
a pump to circulate- water from a tank to the solar collector, 
turuing on a switch to allow currenc co flow trom the battery to 
Che light, ate.) \ 



will ibsorb lh€ aunli^hc ^nd convarr ic intJ heac .jn^riv. :hev 
will -i • -a ^'^oiAT collaczor". I: :hdr chev fi:! th^ Jar wlch 
waL^:^ ^u.; ^^rtiw ihe jati back on ^he 1;ir, chat will also n^e i -^-Ia 
anergv sccraga sv^steTn, i.a., nhe oucsida paint and ^la^^s will d€ 
zh^ solar cjlleccor, it ^^111 get hoc md cha^ solar -aer^v wl^l be 
cransf^rrad as he^:: inso che water and ^tarad Ln>5ida the ^ir. 
Lacer cha scucentSt using care n^-t to burn cheir hands, can nick 
up zhB jar* brin^v ic in afcar it has b^en In th^ sun and war:::^:: 
and use che hoc watair where chey nead it ^ i.e., chev will become 
che transport component. Quescion^ WTiac .about the control 
component? If the students paint half the botLle black md hair 
tne bottla white, then only part of che jar will be a solar 
collector and the final temperature of the inside water after a 
specific period of time will not be as hot (this fom of control 
painting is one way spacecraft have their inside temperatures 
controlled) , 

Have the students paint one Jar completely black. Have them 
paint another jar completely white. A third jar should then be 
painted in some pattern so that approximately half the jar Is 
white and half the jar is black. 

After the. paint has dried, carefully fill the jars with water 
and replace the caps. 



.'th^^ -Irnti p'lac^:'=d In :hs- /an -u: r rninr^ .- : . -ri-::: 

efl3p:?ed, h^ve the ?C'jd£:ncj go ^uc^iue -inj ^n^asiirr^ i:::^^ ; i>-;pt! ^= i r u r 
ihay ditL-T^nc: Has our i:ic in C; nhe jir vh:z- :Kir^i.ilIv -^h i.^ 

I'h^ -sxpArim^nc can rap^ciC^d u^iru: .k. : ^ r^^n c z^^x^ii or pacr^rn^ 
0:1 ;htf jar Ai^Ki leer :.ng cnts j^r>^ ^tn .n ^ne ^un :.>r ^tii'^^rdnt 

The scudent^ can each -^aka. an optlon^.l e?:fc:rcl-:a, ' Oe s^olar 
hoc dog c*;)Q kar. HaV^= c>hd stividtints anal;.^i:a how the horh^;^ Jookdr 
works in relaCion ta a €oI^r energy system. Tha ^unlighc 1^ 
collscced ovar an aluminum fall surtace. Ic is then r-^tltacced 
onco she Hocdog icself. Ths hotdof then ab^lorbs chi3 rfcljr r^ner^^y 
and stores iC inside che skin of th© hocdog, ^ As more an^rgy is 
stored, the cemperature of the hocdog Increases and eventually 
^ooks. There are actually two forms of transport of energy here. 
The light ei gy Is reflected onto the hotdog :and is transported 
from the aimninum surface to che hotdog by optical methods. Once 
the hotdog cooks, it is transported to by mechanical methods (the 
students- hands). The control is acconrolished by how well we 
aim the hocdog cooker tg che sun and how long we allow i& to sit 
and collect the solar energy* 

\ 

X 



::h2 -iUiii^Tirr :Ki:-erv c]\AV^^ir. 7':^.^ v^h ^ M ■^ ^oluv c?^.^ i-. 

.ilor^ the ^cires uh^ The 1 >r c ri j a! ^ntir^y :nen 

^zjv^-d L-HiUe the ba::L^rii.; in ::h^ :^.;rT:i .^r /horni;:al ^narsy . We 

.^irrv ^hi^m to whara v& need Uhen: no run sucK .i.^vi.ie:: 

posa tint? auastion to che snudents "Wha^ U ^ system?" \k svi^cem 
la J s^rlaj oi components jr places put nc^tithar in such h wav that: :iiey 
all ^acompli^h a certain nask in ch^ mosc efrtciant nianner.) ihe 
taachar can illustraca a concept at a "syscem" using a vary simple ddVicB 
such as a small caCapult constructed by laying a ruler on top oC an 
araser, k small piece or chalk can put on che dawTisidd of the rult^r ^ 
and when the high side is struck, the chalk will tly across the room. 
The teacher can say the Job that wishes to be done is to shoot the chalk 
as tar as one can. To accomplish this task, the catapult is our "system" 
The va:rious components of the system are the chalk* the ruler, t:he eraser 
and the person who hits the ruler to fire the chalk, A study can be 
made to determine which side the eraser does the best job, where the 
eraser should be placed along the ruler* and how hard one should hit 
the ruler i;so that the chalk does not go straight up in the air or hit 
the ceiling). This will be a ^'system ^udy". The students will now be 
asked to do a system study in solar energy. 



Thi^ Lesson jn ^xtensL^^n Z... i^tudent^ vill Uarn iiow 
lak^ ^inipla absorbers ^black painced bottles, food 'vrapped in :olL :nen 
black, paper* d^c. ' -ind by placina Chen in Insulated boxed wizh ^KizlHi^ 
33ke a -neve powerful solar collacTior. The cerm "powarrur* in u£ilL:od 
[ - V b - ^ ' 1 ^' ^ '"■'^ n^ tb 1 T " ^ r 1 : - ; i 'm " " i v ' i . ^ t Md^' c ^ i ' ! 

u^a chase new airnpLa solar rivscams to produce higher cemDe rjit uro r4 r 
hotcar watar heading and food wacniing ovens. 

EARNING 05JECTZ-/E 

Scudancs are Introduced to rhe concept of "shielding" the absorber 
of soLar energy from the anvironment 'around it chat tends to want to 
cool it* This is dona by placing the absorber in an insulated box 
(protects the abaorber from wind and cooler cemparatures at back and 
sides) with a transparent glazing over rhe front (providas a "dead air 
space" to act as an insulator but still allows the sunlight to beam on 
to Che absorber) , 

EVALUATION 

SPECIAL MATERIALS 

• Glass jars 

• Polystyrene foam picnic cooler 

■% 

m Some almninum foil 

• Some black conscruction paper 
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• Sun^::jr ^olir bat-er^^ .ihar^er ^pci.^nal) 

• A '^Ijnij: zvre do Lv?5tvrf^ne food kdt^per ^mt^diu:.. iirzM -i::^; ■ 

• Scnia black cons n rue cion n^ipdr 

• Thumbtacks 

• Trj.nsp^r^nC rhin plastic ^Tapping macetial 

& ^mnll :^on beetles chat ha'/t^ b^dn !^:il!^t€d black 



vOCABIXARY 

Absorbar, collector, storage, "braadbox collactor'', glazing, 
insulac ion , 

ACTIVITIES 

• Review with the students tha lesson F^^, ^o again brin^: to 
mind how dark colored items absorb the light energy of the 
Sun and convert it to heat energy. 

• Have the students make a new series of black painted soda pop 
bottles (the students can alternatively paint the bottles 

any other dark color such as brovm^ dark green, etc. that they 
may consider more asthecically more pleasing) , 

• Put these bottles in the Sun to be heated by solar energy 
while the following ouher items are prepared* 

• Take the picnic food keeper and either paint: the ln-:lde 
black or line the inside with black construction papar. If 
you paint the inside be aware that some of the spray paints 



wiL'"! maLc "he p.:^ Ivrsnyrdne if pun on in .^xc^.- - .htkm::: c ^ , 
The construct Lcn :.^par can be in&uAllsd u^i:;^; zhu-b racrir^ 

vou five the giua ample time to conipletelv irv bt-f.M'- -/mi 
usa cha unit as an oven i^ochervisa cha haac generatad vill 
go CO dimply dr^^ che glue and cha camperacura will reniain 
low) . 

Take one of the painted bottles rhat aro In the ^unll^iht, and 
measure and record cha temperature of the watar ^ use 
tharmometer chat can fic within the nack of the bottle and 
::iake sura the bote la has bean in tht^ diracc Sunlight for 
20 CD 30 minuces) . 

Light Ly cork or scop the bottle so than fluid will not spill 
out . 

The question is now, *-How can we obtain a higher tampa ra ture 
water than was arrived at by letting the bottle it-self sit in 
the Sun?". The bottle should have arrived at a ^'equilibrium" 
temperature. That is* a balance will have been reached 
between the input of energy via the Sunlight and anergy 
losses of the bottle (primarily by the outside of the bottle 
being direct contact with the cooler outside air, especially 
if^ there is any sort of a breeze or movement of the ^ air 
Mbout the bottle)* The method must be to somehow "insulate" 
the bottle from the environmant around it but still let the 
Solar Energy fall on it , 



• Place tha corkad bonrle inside oi chti p ranarud _ : ^> hI ruent-r, 
Make sura che botzl^ is niord or Lesd scandiri^ .it^rl^^hL. Pl^ce 
jn oven th^rmomecar i^or whdc aver cvp^ vou r::ay ha\'ii ' .iL^c 
inside tha food kaaper m duch a way Lhan you can ^^tiu ic . 
Dpom the cop . 

• Taka cha cranspacant plastic wrappLn;^ mac a rial and 'u^ing 
thi^btacks seal off tha opening jf cha food kaepar, 

« iaking oare liol =o cj.p over wde boL^le^ plaori lI^vs i.:^^ 

keeper vich che boccla insida and che cop sealed off in che 
Sunlight so that the Solar energy can diractly shina in co 
the food keeper and tall on the boccia and other parts of 
that have been blackeried. 

• Obser\fe how the temperacure rises inside ot the box by look^ 
ing through the plastic wrap at the interior pht. . mometer * 

• When the temperaCure seems . to be sceady, carefully .remove ____ _ 
the plastic vrap * take out the botcle, and measure the 
temperature of the water. It should ba many de|rees hocter 
than when the bottle stood alone in the Suii, 

EXTENSION EXERCISES 

• As a more excited exercise the students can take food such 
as a hot dog, or other bit food that might want to be warmed 
before it is eaten* Wrap the item in foil paper and then 
wrap it again in black con:itruction paper* Put this back 



into ::he rood kaepdr, rupl.icu zhe pLascic wrjp " r\ : :\ 
jnd it' srand in zhe itm j^^r .in dwMir or 

i^htick w he rt2adlni4 o i; ch^ rtiermonidCur chat: in^iJt^ : Lh^ 
food k4epar ^ by looking chrou^h ::he piaHCio wrap, hut iioc 
re:noving^Hn . How warm will chid vdry simple c^o l.ir ■ ov--:i 
become? \ 
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SOLAR ENERGY SV^^TEMS 



OVER VIEW 

ScudanCc^ are furthar sho^^ solar anergv r^yscams. ^ ir ^his parcLcuia 
lesson chev are incroducced zo component b that irt2 niore would be 

5ean on cha contmarcial markac than as a hcrne madt^ pr.^jecc. i^:^perLma^Ci 
are carried buc bv the scudents to better understand how :\ac pLice solar 
chermal collectors operate. 

This lesson is a continuation of the education of tha student into 
the construction ot flat plate solar thermal collectors. In part Leu lir 
students are shown a "contmercial" design, and one ot the objectives of 
the lesson mighc be considered consumer educacion, 

SPECIAL MATERIALS 



Special 8'" k 0" solar collector or equivalent 



VOCABtJLARY 



Absorber, collector, glazings ,insulatiQn 



ACTIVITIES 



Review with the students the lesson B.5.V, Have the 
students remake the davices used in that lesson* 

The solar collector system that initially was made i^i lesson 
B»5.V using the 'food kefiper and black bottle is kno^-m as a 
"bread'box" solar water heater. This type of system was very 
popular before the turn of the century,f and for that matter 



is still used by many people. One of the main problems with 
-the unit is that the collection and storage subsystems are 
one in the same (i.e. the painted bottle is the absorber 
of the solar energy' and it is also the place^ where the 
heated water is stored,). This is a problem because when 

the Sum. is no longer beaming on the bottle 5 the water will 

%. - ■ 

very quickly cool doTO* When the thermosiphon hot water 
heating system was developed in 1909 (seeX^he Solar System 
Backgroimd inforroation supplied with the cu^iculum) the 
water was heated using a "flat plate'* solar col^ectnr and 



then the heated water was stored in a highly insulated tank, 

Scudents can be shown the minature flat plate snlar thermal 
collectors and pose to the class the question of how they 
think the internal parts are cdnstructed. 

" \' V. i ; . • _ V- ■ ■ ; 

After a sufficient discussion , the side of the collector (the 
side with onl^ two sheet n^tal screws)"can removed and in 
interior construction examined* ^ 

R'aassembly ;the collector and using a. cork, stop up on,e end 
of the copper tube (this will no^ become the "bottom'= of the 
collector) . ^ : 



^11 tl 



;he tube with, water (i,e. the copper will noW:,_.hec,omii/a^ 
metal test tube with a solar collectof attached to it) and., 
place It in the Sun so that the glazed sid% is facing as 
directly as possible to the Sun. 



Using a long thin thermometer such as a laboratory thermometer 
or a meat thermometer for the oven, keep maasuring the 
tamperatura of the water, ^ 5 

Temperatures the order of 160^F to 180^F are not uncoiranon 
many minutes in the Sun. 

This temperature is known as a "stagnation" temperature and 
is the hottest value the collector Is able to achieve (when 
the water is flowing in and out of a collector into- a tank 
the total mass or volume of water is much higher s and therefore 
even if no water is "used it will take marty times longer to 
obtain near stagnation temperatures). 

Have the students now compare the temperitures obtained with 
the bare painted botcle, the painted bottle in the breadbox 
colleetorp and finally the temperatures of the flat plate 
collector.. Have the studeiits make^ lists of tasks that would 
require these different" temperature Ce,g, heating a pool 
or spas heating hot water to bath in* and using hot water to 
heat your home). 

Have the students contact some local solar energy companies 
to obtain information about the solar collectors and systems - 
that they market, . * , 



Have discussions abouc the ' .,„ip„ent r, 

-HUipmenc* Compare It co 

^ha small solar coU.ccor usad in' che 1.. 



isson , 



• • "^''^ scudencs compara costs and ,-n 

- coses and in general discuss the 

purchasa of a ^rsi^^ 

solar syst™ as young consumara. 

ISISNSION ACTIVITTP-g ' - 

As a concinuatlon of the lesson h u ' 

collacf , ^"'^ ^he studancs continue to 

collect solar information A fn^ . , 

"o-es or busl„„s. Hav, son,e of =he stud.n. ■ 

th.lr f ^ ""dents interview the™ and report 

therr findings back to the class - Does th. 

-ch did it co = t a h 

".c, are the people Happ, „ith their pure „Hy did. the. 

bu, solar, „h, the particular s„te„ the. have, etc - 
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, APPENDIX A 
' APPLICATIONS AOT DEMONSTRi\TTONS MATERIALS 



This Appendix contains most of the materials identified lor use 
with Che various lessons* Table A-1 lists the resources that are appli 
cable to the lessons Indicated* 

Addltionaily a partial list of references are provided* For 
further inforaation on any of the materials described herein please 
contact the Principal Investigators at the University of Southern 
California. 
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Table A-I. Applications and Demonscrations Materials 



Section or 
Lesson 



B 



III 



II 

C ' 
■IV 



'VI 



1--I 



i-II 



r-iii 



i-iv 



Type Material 

Lab Reporc Work Sheet 

-&aek=~a^ Sorting Cards 
P.P.E.C, Method 

Multi-Purpos© Photo Card Deck 
(Direct/Indirect Use of 
Sunlight) 

Multi-PurposA PhbcQ Card Deck^ 
(Direct/Indirect Use of 
Sunlight) 

Ref leccion/Ref raction Wbrk Sheet 

Multi-purpose Photo Card Deck 
(Alternate Energy) 

40 Slide-Set . and Cassette 
"Viking Mission'* . ^ 

Ten-Cent Hot Dog Cook r 

Ten-Cent Hot Dog Cooker 

Teh-Cent Hoc Dog Cooker 

Sun-of-Cell 

kinds of Energy Wprksheet 

Kinds of Energy Worksheet 

Special .Fossil Fuel Cycle ; ' 
Film S^rip 

Ten Cent Hot D6g Cooker 

Mdnopoly Set 
TrirColor Thermometer 
-ITieraometer Record Sheets 
Ammeter Record Sheets 



Reference 

Figure A-2 

Figure . A-3a, 
A- 3b 

Appendix A 



Appendix A 

Figure C-4 
AppendiK A 

Demo Kit 

Appendix A 
Appendix A 
Appendix A 
Demo Kit 
Figure D-3 . V 
Figure D-3 
Demo Kit 

Instrtiction 
Manual 

Not Supplied 
Demo. Kit 
Figure D-8 
Figure D-9 



Tabla A^I* Applicacions and Deraonstrations Materials (Continued) 



Section or 
Lesson 



'0 



2^111 



2-IV 
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Type Macerlal 

Trl'-Colored Theraometer 

-Simple Radiometer- 

T r i' -Co lo rid The rmome t er ^ 

Simple Radiometer " 

Special Card Deck - 
Tools/Mea Dev. 

Special Thermometer 

Simple Radicmeter 

Solar CellVMeter Radiometer 



ThetTnometer 



IV 



Solar Cell/Meter ^ 

SunStor Battery Charger 

Magrtifying Class 

Looking at Energy Word Sheet 

" SpecIal'Tllnv ■Strip > 
Alternate Ener^ 

Alternata Energy Work Sheet 

Ten Cent Hot Dog Cooker 

i SunStor Battery Chargar 

Film Strip Energy Conservation 

Special Electric Mater 
Work Sheets 

SunStor (Optional) .. 

SunStor (Optionalj 



Reference 

Demo Kit 
Demo Kit 
Demo Kit 
Demo Kit 

Figure' D-'IO^ 

Demo Kit = 
Demo Kit " 
Demo Kit 
Demo Kit 



Appendix 

Page # 



Demo Kit 
Demo Kit 
Demo Kit 
Figure 1-1 

Demo Kit-^ 

Figure E-2 
Inst • 
Demo Kit 
Demo Kit 
SCE Manual 

Appendix A 
# 

Appendix A 
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MULTI-PURPOSE PHOTOGRAPHIC CARD DECK 

The set of 19 phottogtaphs may be/ used as they, appear on the page 
or aut into a card deck. The phocoa are pare q£ the material used in 
lessons; 



Cj ^211 ^^^^^t Indirect Uaes of Sunlight 
Cjjj Ij^ Various Forms' Inergy Can Take 



and are recoomtnded as an adjimct to lesson; 

^III ^^^^^^i'^^ Energy Sources 



It Is hoped that the set of photos may prove versatile enough to find 
-ajmuah wider use by teachers In a variety of other - 
an d as thSuiht, motivation for the students. 
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CHSWCTSRiSnCI 



SROtoi/fithtsis Bfa€eii 



uie of Ihf lynl-^l 



infpgy 



Pp^dyeii Qiygfn for ai 
10 BPtdChe 



ssiiytanti ahen thi plasMCj 
biUepies atrt minyfaetured . 



LQif af 3rtid 



^C€B]e riding i 



Cap it a gaioHne 



5y ulili^itisn of ^fis viheat 
^rgwn in tftt ^Iftdl 

p»PKt u%t 9f tfit sunlight 
&y eonvtptif^f sqUp entPi^ 
intfl t1e€t^igity y?i^1 tht 
fdlap Eil U arfiyl 

Inaiffct use df leUr antPty 

ildfed in fssd lo ^ki the 
hi^n mjicles lidfk. 



^tdFc/cle 



4 tdlap gdllc^tsp 



A. «1nd gcftapaidp 



A fslap heatad 
rtiUyrani 



fht SQyiPf tOHCP 
'/•Pies Nittshil Papk 



iio«fiapgyj n«at 
inapfy ysed in 

gaiin^, 

Sgtar fjdiani ehepty> 
ilettplcty 



Chenicil tnarqy^ 
^chanical tner^ 



IndifKt Qf iglap ifitP^y Chemisil tncpgy,, 
%y >iti tiling tRt solaf anirfy NgchinUal tner^ 
itspfd, ah£!ani yegfltation 
that nas tyrn«d into all. 



tndipfct use df isUf tnepg^ 
via en«pfy stdpfd in fosin 
fuali. 



BipiEt yit of solap eflefty 
fh htttin^ the intsPiap df 
the dip. 



rhemical anerg^ 



Htit thtpg^i sdlap 
•ntpgy 



Indfpecl y|f df islapentp^ fhsnicil entnL^i 
&y utilizing th» t@fap en«f^ n^hanl€al tflfpgy 
itdpfdf ihclent vegitatidh 
that nas tyrned into diK 



Dipict yse df synllght to 
dpsdygt hfili^ watap. 



Ind1ri€t ysedf synli^hE 
utllUinf the.^lnd drOduse 
in ■eithtP eattepn. ftnep^ 
itad &y sdliP enepfy, 

plPKt yse df synlfiht to^^ 
httt £ht tniidt df Hgk's 
ptitiMpant in bfnvap« CO. 

Qlradt ysa df synlffht Id 
kn^ the duildlr^ «fiP9^ 



Sdlap Pidimt 
anep^; hilt 
t5«pg^ 

folap dpi van xind ■ 
tnspiyi heatfnfpqy 



Iglap radiant anifijft 
halt intpg^ 



Solap padlantentp^i 
htit ehtPty 



Ppdductidh of polluUnts 
Hhefd lit df tha bakery 
ultnsi U ape washed, 

PrddygtiQn @f gdllutants 
^neh the eqyipmtniKas 
rnanyfagtyrad and the Pdd|Kt 
layndhid into sdaEii 

Pallytants ppqdyce wnan the 
biEycta was manyfaetyrad. 



Psllytantl ppddy^e ^fttn the 
cap was ffianyfa^Cyptd^ 
Psllytanti and emtsiion 
, ppddyda whan the car ryni, 

Pdllytants and enisiloni 
are givtn off when the gai' 
gllna it fflanyfaCtJPid and 
gut intd ayt^nodile. 

The dapi bacome vary hst 
ihsidt^ 

Pdllytanu di^dudt whan the 
mstdfdydla wal ninyfactypa^i 
Psllutahti and aMlssidn 
DPOdydp Shan the cap ryns, 

Psllutsnti Mire prdduced 
' Hh«?i the Sdlap cslla^top 
i»tat MS inanufastynd. 

Pgllytanti weft dfodycad 
vh«i tha ganapatqr was 

(Mhuf^^ *ed* ^ 



PdiiuEints HaPi prddycaA 
whtfi the idl ar panels ■ert 
man^ifactyped, 

ThiPi was no anvipsne^nta! 
iii^dt &y ysing the sdyapf 

tOHtP. 



4 fQssn 
plant 



fyel Qommf . 



I lOlar hot dof 
co§%ar 



^Magnif^inq glaiS 



indis^Kt yse df ^alap sRiP^ 
dy byrfiing fdssti fyel 



SiPtdi yft af Sdlap enipgy 
t€ cook the hqi dog. 



OiPict yft of ^onctntfated 
sdlap enepfy td gyph paptP 



ChMicil tncpgo^^ heat 
antpg^t titctrical 
ehepfy 



loitp Pidiant 9t\9r§y* 
hell ehtpg^ 



lolaf radiant'eritPiy i 
htit entffy 



PdliutaPits an dut Intd 
the atadiphtPt vhtn fyel is 
bypTifd, hait Mf^Ji pat 
intd tiit ddtih duping thi 
^r^eisS of ^vt'' gthafltidi^i 

Idaia PQUytifits Hii|a pPd- 
dycad whan thi matePiali 
uitd td nakt the solar ^ 
€dokep wipf dpiginilly 
manyfig tyred ^ 

PollMllsn ppodycad vheh the 
glass ^as nanyfictyped. 



>h electric tight 




Indirect yia of ^olar enep^y 
by utililinq fdssll fuel td 
prqdyci elaetfidity which In 
tyrns ilghts tttctPlc 
tafflp. 



DiPtgt use Qf the syn's 
energy to makt |ht plants 

ir©*; 

[ndir*?et yie 'Qlap ■ 
•flfp^y *#ta wtflthfp 
cdndrtidns 



Radiant dP Hghr 
tntpgy»htlt entp^ 



^olar radlanc energy « 
chtfliical. tneiPly 



Pstantial. energy 



Pollytanls and eiHisidfii 
wtpe^ ppodufitd whefi tha 
elKtfic tight «is manu- 
fictyrt^i aifd ^wtP plant 
^lluta thi auidsphipe drp' 
du€ihg tlectpldity. 

|eR« ^llytihts and eniss lorn 
wift ppddyded when the 
miteriais ustd ts rnafce the 
gptah hpuse wef t flanyf letyptf 

Pdltytidh dausad whan tha 
dan was csnstpucted 
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RED LIGHT, GREEN LIGHT, BLUE LIGHT 
by Charlene Anderson 

uook at Che planes in your housa and those outside your window. 
How many colors do you see? Trees, grass and even shrubs with coiorful 
flowers are usually green. So many green plants grow all around us that 
it is hard to think of piants being any other color. Buts most sea- 
weeds are red! 




PLANT NO. 1 (COiiUSJ PLANT NO. 2 



Red algae, or seaweeds, plants without roots , grow in water , as 
shallow as a few centmeters or as deep as 180 meters (about 60 ieet) . 
Many different kinds of red algae thrive in the sea. Each has its own^ 
special place p or niche * in the world. 

Red algae live in all the oceans from the Arctic to the Antarctic, 
Some have hard, cement-like skeletons to support them. Others, the soft 
and slisty ones, grow on other plants* Most plants in the red algae 
family range in color from pink to deep red to very dark purple* Some 
even have green exteriors, but inside they have the red pigment * or ' 
coloring, thmt gives red algae its name. 

Why are most seaweeds red? We have to understand the nature of 
light to answer that quest ion* The white light which comes to the earth 
from the sun is made up of all the different colors we sea « Individual 



colors can be separaced from" the white light. At sunset we see a beauti- 
ful red sV- because all the other colors have been sifted out of white 

When light hits an.objact, most of the lift is absorbad, or soaked 
up. But some of it bounces off the object and into our ayes. Whatever 
color of light bounces off the object is the color we see. 

Plants on land look green because ^ they have a green pigment, 
chlorophyll, in their leaves. They soak up most of the ener^ in sun- : 
.-light. But the green light bounces off the leaves and into our eyes. 

Sunlight gives plants their energy, ' If all light from the sun 
suddenly turned grean most plants would die, The green light ^would 
bounce off their leaves and they couldn/t absorb the energy they need. 

But if the sun was green^ red algae would do just fine. Because 
of its red pigment, red algae would absorb the green simlight and go on 
living a^ if there were nothing strange about a green svm* For millions 
of years, red algae has had to live on blue-green light from the sun, 
sinca the water in which it liver absorbs most of the colors in white 
simlight. 

The red light that creates such beautiful sunsats diiappears first 
as the sunlight moves into the sea -water. Ordiige and yellow soon follow. 
Blue and green light are the only colors that penetrate through the water 
If the planta livlni la the ^^ep ocean were greeni most of the sunlight 
reaching through the water „would botmce off them. They would not get 
enough energy to live. 

• : A-12 



Long ago, before chere were :}lanCs of any color on land, rad 
algae adapted, or changed, from a biue^green colar to red so they would 
live in Che blue-graan light of thts ocean. Today, most of the seaweed 
in Che ocean is red. 




To see how colored light affects plants * you can create your/ own 
qcean-lika environment with a cardboard: carton and blue or green 
cellophane* Find a box about 30 centimeters (one foot) by 45 centi- 
meters (one and one half feet). Cut the to- ^rf. Cut large windows 
in the five remaining sides of the box, leaving about five centimetars 
(two inches) af cardboard around the edges to frame the windows. 

Cut the rectangles of blue or green cellophane for each window. 
Make the pieces about one inch larger than the windows they are to cover. 
Tape the cellophane t© three sides of the window, leaving one side open 
so a±r can circulate through the box* You now have created an environ^ 
ment similar to the undersea world. 

Now you need two small plants, one with green leaves and. one with 
red leaves. Hmy kinds of cpleus plants have rc*d leaves. Place the 
box in a south*facing window or on the south side of your house. Put 
the plants inside the box. 

.-»••. ' " ■ 
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rake, good care of both planes and aon't forg^c to wacar char, now 
and Chen, Check tham avar/day for about two weeks- You may want to keep 
a nDCehock to write down your dally observac ions . Is there any differenca 
in the growth, rate of the plants? Which one is losing its color? Ivhich 
one do you t^lnk grows best in blue or green light? 

them to normal sunlight. Do their colors change? Which plant is 
growing faster now? 



RECORD SHiET 



NAME, 



1, THE PROBLEM: 



2, YOUR PREDICTION (yOUR GUESS) 




3. OBSERVATION - 
WHAT HAPPENeP 



, 4. ARi SQUARiS 3 AND 4 THE SAME 




EKLC 
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SPECIAL ENERGY TEACHING APFARATUS 



SITN-OF-A-CELL i This unit Is composad of a silicon photovoltaic 
ceil (conv^-ircs sunlight directly into electric icy) , a small electric 
motor (^he motor is rated at 1^1/2 volts DC but runs well on the 1/2 volt 
from che gllicon cell) , and a small propellor. Besides demonstrating 
the direct conversion of sunlight to electricity, the device illustrates 
how energy can be cascaded from one form to another* 



cells In series. Each cell is rated at approxMAtaly 0*5 volt DC at 
100 mllliamperaa. The four cells therefore produce about 2 lolt DC at 
the 100 mllliamp cufrent in full sunlight. This combinaeion is ideal 
for charging two "AA" size nlckel-cadmliffli rechargeable batteries in 
parallel (each battery is rated at 1.25 volt DC and recharges at a 
rate of about 50 mill lamp ) . The extra voltage of the Mils Is needed 
to insure an energy flow into the batteries. Sunstor Illustrates a 
*'solar system" with anar^ storage aiad also* can be used as a tool in 
the study of the cannectlon of lifestyle and energy. 




SUNSTOR; This device is based on four (4) silicon photovoltaic 




■ 
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SILICON CELL ATO frfflTER i The combinatiQn af a. single 0.5 volt DC, 

100 milliamp silicon cell with a 100 mllliamp meter makes a good simpla 

light ener^ measuring device. On a bright sunny day the meter and cell 

eombination will read full scale. In addition to a 0^100 relative 

energy scale, the meter may alio be considered to read roughly directly 

2 

in units of milliwatts/ square centimeter (e.g, 100 mllllwatts/em 
full scale) - 



J 



/"7 

THEMO-SIPHON HOT WATER SYSTEM : This system is composad an 

8 inch by 8 inch solar chermal collector to convert the radiation of the 

sunlight into heac ^narg^^ and than pass this haat into water chat Is 

stored in an approximate one quart tank* The side of the solar 

collactor is removeable so that students may sea how it is made, ine 

f 

tank is not insulated and consequently Che water only reaches tempe-ratures 
of about IQO^F, a safe level that feels warm but will not cause pain or 
burns. The devices are used in the study of solar theraal systems* 




COLORTEW raERMOtffiTER i The Colortemp thermometer is d dual. range 
(Celsius and Fahrenheit) unit that has been encased in plastic. It may 
be used to measure air or liquid temperatures. The Colortemp has also 
been constructed so that ic may accept colored overlay plastic see 
through pieces that allow cemperature to be thought of in terras of 
'*cool, wara* and hot'' colors when dealing with very young students. In 
this case the Colortemp Is used with a ipecial worksheet that has a 
black and vhite outline of the thermometer face. It is colored by 
the students to match the real tnatriment and experl*nents are done 
by drawing in the "ted" tMperatura line of Chi thermometer. 



MULTI-PUEPOSE CAM) DECK I The dack is Dompossd of 19 4 x 5 ineh 
phptographi (printed four C©' a page) 'tiiat tHe s^dents may cut out and 
moant on cardbQari.^ The platurai Mvar a wide ranga of items that the 
«udenta may sea in their norffiml iiv:es (e*g,^^a loaf of bread: car in 
raQtion; Hoover pamr^etaj , The pictuMs are niOTberedp and included . 
with the Silt ik an information sheet for the teacher that tells what^ 
eaeh phdto iJt whetW It illustrates direct or indireat Use of solar 
erieriy, the main forms of energy demonitrated, and what epvironpental 
impaets it may cause. ^ 
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SUNSTOR 

Solmf Battery Chmrgsr ^ 
WHAT MAMS THB itmSTOR WORK? 

...... ^ " ' , I ' 

th% SimStor usss a "silicon ptotovoltaie" call to gaaarata the 
naadad voltage and citfreht to char ge two parallal "M" ilia nlckie 
cadmlim reQhargaabla battat'las, \ 

Silicon calla are mailsg, little devices* They are made by a 
sofihlstlcated manufactur^g process that takes vary pure silicon (the 
basic componant of rocketed swd) » adds sil^t amoimti o£ other alements 
such as boron and phosphors (this part of the tachnlque is called 
"doping")'* and evantMlly produces the wafer thto photovoltaic cell. A 
siiicom call will take the radi»t ener^ (sunlight) f alliSg on It and 
convert it directly into electrical aner^. Depending on how the call 
has been made* my^ere ffom 10% to 15% of the Sun-s ener^ can be 
translated Into electricity « 

' * The finished slllcoa photo cellp l^a a battery » produces both 
voltage Md^curtent. The voltage that a silicon will produce .is always 
about the samep approximately one-half (1/2) volt. The "AA" slie 
nlckia caitaliai of nlcad battery produces about one-Md*ona-qtiarter 
(1-1/4) volts whan fully charged, Tha aaoimt of currant the^ silicon 

call will davelop dapends on how physically big It Is md en how much 

1 ' * * - 

sunlight is falling on it. ' , 

Jua't as a battel^ haa a "positive" and "neiative" mn&i ch« 
silicon call has a "positive" and "negate ve" side. The negative <-) 



aids- of thm siilcon atU Is the side with th^ lines on it; the aide 

that faasi the Sun. The back qr plain side Is electrically 

p&^ttlve (+) , 

j ^ ' . ■ .. ' 

HdW DOES Itm SUNSTOR TORK? 

One may look at "voltage" as the ability or potential for current 
to flow« Just as water will run from a higher to a lower place, . currant 
will only flow from a higher to a lower voltage- As stated above a 
fully cTiarged "AA" size nicad battery will have a voltage of about 

volts. Cottisqueatlyj to make current flow into it and recharge ^ 
it will require that our little module of silicon cells produce a 
potential or voltage greater than this amount. 

More water will flow in a creek or river that has a fast or large 
curreny. When we think of electricity, current has just about the same 
meaning. With water we measure current in terms of miles per hour or 
kilometers per hour. In the case of electricity we measure current in 
terms of a unit called an "mpere," The larger the current or "amperfgep 
the more electrical eneriy that is flowing 1^ our wirps, Nicad batter^l^ 
of the "AA" size should be recharged at a rate of about 50 Imilliamperea 
(a mllliampere is one one^thousandth of an mpere) . 

The reason for this restriction can again be thought of in terms 
of the analog with water. Imagine batte^ size as the size of a river 
or creek. If too much water flows in a river, it will flood over its 
banks and cause dmage to the surroundtog country side« The "AA" battery 
can take a certain current .flow into it. If we attempt to charge the 
"AA" battery with a much higher Mperage than 50 milliamperes, the 
battery will have difficulty in keeping the electrical energy* This 



fenergy will chen "floa|d over the banks,-* eausing the battery to heat up 
and get warm. If the batteiy ii allowed to get too hot for too long a 

period of time. It will be permanenCly damaged. 

" 1 ■ 

Xn the SunStor there are four small silicon cells put in series* 
That iSj he pbsitive ^ide of one omll is eonneeted to the negative side 



of the next callp eta* \ In this way, the voltage of one a#ll builds on 
the others to produce total voltage of about two (2) volts or greater. 

The side of the silicon ^cmlls used is such that our little module of 

I 

1 , . ■ . 

I 

photovoltaic cells will produce a current of about 100 milliaffiperes in 
bright sunlight. Conseqtiently , we have a little solar system that is 
capable of charging two. "AA" size nickl# cadmiim batteries that are in 
parallel (i.e, side by side). 

" , i '- ^ 
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HOW DO I USE THl SUNSTOR SOME BATTERY CH^GER? 

1. Charging Batteries \^ 

When the batteries are inserted into the battery holder, 
make sure that the positive (+) terminal of, the batteries is 
on the end of the holder \t hat is paintek red. The negative 
(-) end of the batteries shquld be at the\e^4 of the 
battel holder painted blue. Batteries tha\^ are discharged 
should be brought back to aOstate of-^ full chaVge in about . 
two days of exprosure to bright sunlight. If you do not 
want to u^e your batteries right away, it will not hurt 
them to l^eave them charging in the sunlight for several days 
The batteries will even receive a small rate of charge if 
the SunStor is left in a brightly lit room. If you put 



yaur S^Stor away to a drawer on other dark plaee, it is 
racQOTiended that the batteries hm .temovmd from the ^holder. 
In darkness the batteries will discharge back through thm 
iiliaon eells at a very low rate (about 2 milliamperes) * but 
after many days this could lower the charge on your batteriei. 
One final potet * when you use the SunS tor outside * make 
sure the little solar module is aimed at the Sun or in a 
generally Southern direction. \ 
A State of the Sua Light 

The SunStor can be used in conjunction with a OTall light 
bulb, the type used as panel lights with electronic equip- 
ment to make 'a crude but very stople device to visually 
determine the amount of Smi present outdoors when you are ^ 
in a room or area with no windows or view of the outsidte. 
Put the SunStor in soma accessible but secure location out* 
side in the sunlight. Make sure that you do not forget to 
remove the batteries from the battery holder. Otherwise, 
the^^aall light bulb will burn brightly regardless of how 
cloudy it may be* , . >^ 

Using "clip*' leads, t-im two wires, one from the positive end 
of the battery holder and one from the negative end, into 
the room or location you will be in, Use a type 48 or type 
49 pTOel Imp with the appropriate base, smd connect the 
wires coming from ^he SunStor to the lugs on the bulb base. 
On a very simny day the lamp will bum brightly* When clouds 
pass in front of the Sun or the day is overcast, the bulb 
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will or even g@ out completely. After a bit o£/' 
praatiea» it will be possible to malncaln ''contact with the 
real world outside" when yoii are Inside a room without 
wjjid©ws# ^ 
Ei^eriAents in Ener^ Llfe*Style 

Over 'a day one can eolleet a aertain.motmt of energy. This 
energy is stored in the batteriei at a slow rate« When the 
batteries are used the ener^ draim from them may be done 
much more quickly than it was put ijico them. It therefore 
becomes an jjiteresttog study in how we use energy in our 
lives to match up soto tasks that use ener^ with how we get 
ener^» e.g#» hD# long cw wa use a flashlight in which the 
batteries were charged for one day Ija (he Sun# Qan we invent 
a *'llfe-style" using the flashlight that will allow us to 
do some necessary taks throughout the day and still stay 
within our energy budget ? These tasks might be using the 
flashlight to read a thermometer ixi a dark area a certain 
number of t Jjaes per day or use it at n^ght for a certalji 
period of time. If one does not apply energy conservation 
tectoiques* he may find he does not have the battery 
energy available when he needs it. 
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A TIN CENT SOLAR HOT DOG COOKER 

BASIC MATERI^S YOU WILL NEED ' j 

1. , Two plecet of heavy cardboard (like the side of a cardboard carton) 

The first place must be at leait ten inahei square and the seootld , 
araaller piece must be at least fpur inches by five inches, 

2. A piece of light posterboard eight inches wide and slKteen Inches 
long. = 

3. Twelve inch wide aluminum foil (you will use about 32 inches of 
the material) * j * 

4. Some masking tape. __ ' ^ 

5/ Nine inch long sticks about inch in ditoeter. You may also 

uss lengths of heavy wire. .(You may find at* your local grocery 
store in the international food section small bamboo stacks 
, Imported from Japan to make shish kebobs. These are very inexpen* 
sive and will do the job very well.) ^ 

6, Four one inch long spreading brass brads. 
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NOW LET'S MAKl IT 



I. Using a large eompais or a string and pencil, lay out a ten 
Inch dlamater circla on the larger piece of hea\^ cardboard. 
Cut out thli circle using a large sc'ilsors or a sharp knife. 



^2.^ Draw a straight line (lin* "1'^) through Che center pinhole 
in the cardboard^ (i,e,, a lina along the diameter of Che 
circle) * - , _ 

^ 3. , Mark off points at 2-1/2 inches (hole "a") *and 3-1/4 inches 
(holes "b") on either side of the cencerpoint along the 
straight line you just have drara. 

^ 4. Draw a straight lium (line rf2) 3/4 inch on ^ne side of the 
straight linm through the centeri 

5* . Draw a line that goes at right angles t© the lines you have 
drawn and through the center hole (line ^^^3) , 

^ 6. Mark off holas t^at are^ 4-1/4 inch (holes "c**) on'line #2 
from line #3, . 

7, Using an ice pick or other sharp instriaient, punch out the 
holes "a,'*" "b,*' and "c", 

8. ^ Using a sharp Imife or razor blade, cut along line #3 

that the cardboard circle is out in half* 

'9, ^ Put the cardboard ssmicircles to one side now and get your 
piece of poaterboard. (It should already be eight inches 
wide and. si xteen inches long,) ^ - - ' 



lO, Takie.af pi^ca of aluminum foil that is about 18 tochet long 

(andt of couriat twelva 'inchsr wide) . 

' .- ^ 

lit ' Lay tha shiny side of the foilv iomi on the tabla and put tht 

- ^ pisct of postarboard oft top of it ^ eenter the board io that 

thera is rdughly an aqual amotmc of toil stlaklng out on all 
sidai, ^ ' . 

12. Fold the altmiAum foil over th* posterboard so that Che side 
of the board faeing down on the table will ba foil covarad, 
, Put a pieces of masking tapa ^t tha comars and along 

- / the sidas to hold the foil aaeuraly to plaoa. Put the foil^ 

■ - ' . " - ^ ■ - . \ I 

1 i .coverad postarboard to one side for a morfent* 



13. Taka thi two half airolas of heavy' aardboard, ;Thase jWill be 



I- 



the sidas of the hot dog qookar.. Hold them up for aimoment 
so that you can see how tha holes lina up. 



Mark the sides of the hay_jireles that are on tha outsid^s^ 



awayTroff^ara tha* hot iog will ba* with an "0" (for tha 
"outside," of oourse!), | 

15. Mark the other sides with '4n "T" (you, guessed It —/for 
"inside"!). : / 1 i 

: : I ' U ' 

16. Get two more pieees of aluminum foils .tha' t are about seven 

^ i \ ■ ■ 

inches long (of course » agato, twelve inches wide) .j Lay 
one of tha p^ces dami on the table » shiny side;down$ as 
you did with the lar^^r piece of foil* ; 



_J 17. Put one of the half circles with the "I'f (insidey side down 

onto the^ foil (the J*0" aide will be up)* Again, center che 
piece of eardboevd ok the foil. 

18. Fold the foil over the\cardboard and tape Che loil to hold 

~ ' \ * ^ 

it, ^ ■• \ - - 

■ . ■ \ ■ •-• ■ ■ ■ ■■ ' 

19.' itoke sure you find the "a.V' "b," and holes and poke thein 

through the foil* 

20*^ Do the same thing with the ot^er half circle of cardboard 

so that it is' alio loll covered on the ^side isurfaee. 

. % ^ 

'^ow, we will assemble the back and ildes of che^ cqoker.. 

« ■ ' ^ - : ■ > ' "I 

21, , Lay the tLuminum^covered ppster6oard down on the table with 
the aluminum 'Covered side up; / ' ^ 



22. Take one of thtf aliMiaum*covered half circles. Hold it so, 
that the aliuainum^covered side faces in towards the alumi- 

/ ' num cover on the posterboard#^ and also so tliat the outside 
! edge of the half circle (where it was cut along line 3) 

I lines up with th^y'edge. of Che posterboard* 

■ . / ' ' ' 

23. Put a piece oi tape from the posteleboard to the cardboard' 



so th§t t^/9«dboard half circle stands ufi on the 
aluminun-^eovered^ poiterboard. ^ ^> r,^ %^ 

24, Mow roll Che alumlhum-CQvered half circle along the edge of ! 
the alumintte-covered posterboard, putttog a piece of tape i 
evet^ two or so inches as you go* ^ Make sure there is a snug 
fit between the aliminum half circle side. and the foil- 
covered back poiterbQard . . ^ ' ' ' 



\ 



\ 




STEPS 21, 22, '23 STEP 24 




25. Conc-^ until the half circle (with ^ the aluminum foil on 

the inslda) is attached to che aluminum foil-covered puster- 
board, (This will make one end of a trough,) 

26. Now attach the ochei: foil-covered cardboard half circle, 

with the aluminums-covered side facing in, to xomplete the 
trough* Use a similar technique as you did with the other 
piece of cardboard using tape every two or so inches* 

27. Put the trough to one side, 
a are almost done now! 

2B. Take the small piece of heavy cardboard (four inches by five 
-—— inches) ' and draw a line (line 4) down the center along the 
f.ive-inch length. 

29. Draw a straight line one inch on. each side of line 4 
(lines /^5) . ^ 

30. Mark, off points one-half inch and L-S/8 inches along line 5 
from^one ^end of the cardboard (holes "d'') , 

31. Punch ^out holes ''d" using an ice pick or sharp instrument. 

" V' ■./ ■ ■ 

32. Using a\ pharp/knife or razor blade* cut along line 4 so "t^at 
you have^ two pieces of cardboard i each two by five inches. 



33, Put two. btass brads from the inside of the trough through 
M ' ' . - . • 

holes ''bl'Vand ^c*^, and through holes "d" on the two-uich by 

five-inch piece of cardboard. Spread the brad so that the 

rectangular piece of cardboard is securely attached to one 

side of the cooker, .' . - 



34, Do the same ching on che other side of the cookir with the 

remaining piece of two-- inch by five-inch cardboard. 

Ik 

These pi^^ces of cardboard act as l^gs to ^prevent the hot dog cooker 
from jusc rolling around on cha table, 

Nl YQU ARE READY TO ' START COOKING! 



I 



35* Slide the stick from the outside in chrough one of the '"a" 
holes - 

36. Hold the hot dog so that as you slide the stick further in 
through the '*a" holes you also put the stick through the 
length of the hot dog. 

37, Continue until the stick is completely thrbugh the hot dog, 
=Then, put the stick about one-^fourth inch through che other 
"a'* hole so that the stick and hot dog are supported at 
both ends. Center the hot dog on the stick, 

38, In suMner, stand the cooker so that the opening looks more 
upward and, if winter, turn the cooker over so that the 
opening faces more do^ward* ^ 

39. Aim the hot dog cooker coward the sun* It will take about 
45 minutes to one hour, and then MPPY HOT DOG EATING! 
Note : You can shorten your cooking time by stretching a ^ 
piece of clinging plastic wrap over the whole front of the 
cooker after the hot dog is on the stick. This will keep 
the hot dog from cooling down as the wind blowi over it* 

If you or your class come up with any special recipes using 



Che cooker, please send a copy co cha author so chat he 
can lac others know about it, giving proper credit. Thank 
you. Enjoy solar cooking. 



'1 1 ; 
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NATIONAL SOLAR HEATING AND COOLING INTORiVIATION CENTER 

P Q. SOX 1607 CALL TOLL FREi im) 523^2929 

ROCKVtLLf,MO 2Qi^ IN FiNNSVLVANIA ^LL (SOQI 4ai^^ 



i^ADDtd LIST FOl SOLAR EWlgT 

THE BUY WISE CUIDE TO SOLAR HIAT. , .F. Hlekok; Heur Hsuit, 0. Box 40082, S£. Pteiraburi FL 
3374 3 1 1976, 111 pp. $9.00. Th« eenpt^r*! guids to solar htaElng and eeeUBg; vh«E to 
buy, whfl£ to do. wK«t eq b«v«ra of. 

THE COHISO ACE OF SOLAR EHER^...D. HmUcy, Jr.; a«rp«f & Rmt'» lae. , N«v Yerk Ht 10022, 1973. 
231 pp, $7.95. IiiEsretEirig for lEi hlsEorleal £f««£raaar of uQlmt ineriy. 

OIRECT USE or THE Sim'S ENERGY. ..F. Q^lcla; iaUaiiclnv Boaka, lae. , W«sC6iMe«r m 21157, 1964, 
271 pp, $1.95. Covers all aspasEa of solar mumtsf r^aaareh a&d afpllaatlon; provldat a 
ganaral IneroducElon to thm aubjeec^ 

HOKEOWKER'S OUim TO SOLAR HEATIHG AND C^LDia. ..W. H. Foasar; Tab Boaks, Blua U.dga StulE FA 
17214, 1976, 196 pp, $4.95. Covara Eh« bcal^a of aolar haaElnf alang wirh praecisal 
advlca for eonauaara. ' 

ur?W TO BUILD A SOLAR HEATER^.. T. Lueai; Ward Ri^shla Fraaa , ^ Faaadana OA 9U03» 1975, 236 pp, $4.95, 
Gyida tQ buildlQ| and buflng aolar aollagrora, wacar haaEafi and pool haatarai Ineludaa liac 
dt saiiuf accurara, bibliography, and glossary. 

SOLAR HOMES AKD $W HEATING. . .O;. Daniala; Harpar 4 R^, lae., Hmt York Wt 10022, 1978, 171 pp* 

IS. 95. Fraorical guida on aolar haatlng for Eha layAaili praaan£a a non^ra^hfiloal daaoflpcion of 
basic prlnciplaa, •xiatisg lyatraa and Eaehniquaa for oomatrti^clon and inarallailon. 

YOUR HOME'S lOL^ FOTEKTLAL. . . I. SpaSgang and Wallai E^^d ioiafisifie Co., Barringion Hj 
QS007, 1976, 60 pp. 19.95. Qonsaina do^lr^yourtalf boat lurvay go avaluata axiaEing anargy 
yElliz4Ci0fi and €0 dacarslna aolar aavinga poEaiiEial. 

TEOiHICAL 

APFLICATIONS OF SOLAR EHIRGY FOR HIATIHG AND COOLING OF BUILDING. . .R. C. jjrdan and B. Y. H- Liu 
(eda), ASHRAE (Salaa Dapc) , 345 E. 47th Sc., Nav tork Wi 10017, 1977, 206 pp, $9.00. 
Coapilation of EiohniQal artlclaa on Eha aiaaiaMns, eoBponansa, parformanoa, and applioaEion 
of solar anargy for haaiing and soolingi Inoludaa rafarancaa, charca and Indax. 

AFFLIED SOLAR ENERGYi AM IHTRODUCTION. . .A. B. Mainal and H, F, ^Mlnali Addiaon^aalay Fubllahing 
Co,, Raading MA 01867, 1976, 6Sl pp, 117.95. laaic EajEEboak InEroducElon £o Eha ghaory of 
solar anar^; intandad for eollaga aaniora or^graduaea aludwra. 

-? 

SOLAR EN^GY THEI»fAL FRQCISSES, » .J. A. Dyffia and W. A. SaoldMi; John Wilay 4 Sona, Im,, Naw 
York ^fSf 10016, 1974, 386 pp, $18.00. Ho^ go imdaratmd and pfadlCE lha parforainea of aolsr 
eollaecora and solar pho^oEhaful ayi^^w for haatlnf and eoollng buildlngi and for haacing 
waEar and air; coAprahanaiva sad eoharanr craaCMnE for pfdlaaaionals« sad •apaciiily for 
anglnaara. 

SOUR HEATING Aim COOLliWi ENGINfemQiG, FRACTXoy. DESIQI, AND ECOMOMieS« « .J. Kraidar and 
Kraiehi HcGrav*Hill ioek HtM York NY lOQH, i97S, 342 pp, $24, 7S« Daaifiaad aa a holf^io 

handbook yi Eh aaphMi^ on aeonoaieally fauihla haaiing and cooling lyacaMi conkaina 
conaldarahia Ea^hnioaX^^-daeall and axtanalya iablaa of ralafttieti dati* 

SOLAR HEATING SYSres DESI^ HAmAL* , , Xaiarnaclonal Talaphdntt i Talafraph Cof^^aSion, 
Fluid Handling Divialon, 47U Golf Rd. . Skokia IL 60071, 1976, €lOO pp« $2.10. Brlnga 
iogaEhar raehniail d«ia, proeadurM « fffid dasl^g nacMMf^ isaiall a aolar hydronie 
haaEing ayaEai baaad on ayAtw infltallad ac Iff *• Sfalslng fanllily in Hnfinn Grnva. 
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AROilTECmAL 

OESIGHING AND iUlLDlHG A SQU^ HOUSE... D. WAtion; Gafden Way Publlthlng, Chflflotte V, 05445. 
1977, 240 pp. $a,?5, Prsctieal cl#*rly-wrltten book which covers ail aepecci of solar houae 
deiiin, including slcingp equipmsfic. dlfftreflt types iysEiaj, and cosej. 

SOLA^ ENERGY AND BUILDING. . . V, Siokolay; John Wllay k Son#, New York m 10016, 1975, U8 pp, 
$18 50 FTQvld« a eonetpcual undasaeaQdlng of the probleM and solutions of solar energy; 
contalna an llluatracad arehlceatural review of ''solar houses" ineluding plans and performanee 
Uaca. 

SOLAR OfllCT: FUOTAJiaitALS IH lUILDING DESIGN,.. 8, tod«Mon; HeCraw Hill Book Co., New York KY 
10036, 1977, 374 pp. $21.50, Hore tschnieal version of the Solar Hoae Book ; designed for 
archi tacts and building profesalonals , 

SOLAR HEATED BUILDINGS ^ A BRIEF SURVEY (I3th edition) .W , A, Shurellff; 19 Appleton St., 
Caiibridga MA 02138, 1977, 306 pp, $12,00 prepaid. Contains descriptions of 319 buildings 
which art partially ©r fully solar heatsd; includes buildings that did exist, do exist or 
are expected to exist very soonp Permits coaparison of characteristics and perforMnces 
of a wide variety of solar heated buildings. 

SOLAR HOKi BOOK., ,8, Anderson and Hi Rlordan^ Cheshire Books, Harris villa NH 03450, 1976, 297 pp, 
$7.50. Cover* various aspect*- of solar home heating including archltecturali direct and 
Indirect systeu, do-it-yourself solar wattr heating, retrofitting and social and cultural 
Isplications. 

SOLAR PRIMER 0NE,,,B. Carlsoni SOURC, WhltCier CA 90607 , 19 75 , 10 1 pp, 18,75, Written by 
architect*; prestnt* baaic solar applications and building design with discussions of 
collectors, structur*# heat ertansfer, storage and total heating and cooling syscesSi 

SUH-EARtH. , ,R, L, Crowth«f. ct al; Crowther/Solar Craup, Denver CO 80206, 1976, 232 pp, $12,95, - 
A survey of architectufe and It* relation to the natural environment; presents cost effective 
concepts for use of free natural energy saurees in homes and other buildings, 

GENERAL OfSRGY 

ENERGY FOR SURVIVAL, , .W, Clark ; Doubleday & Co., Tnc,, New York NY 11530, 1974, 652 pp, $4. 95, 
Energy soyrce* in th« p«*§ t present, and prospect* for the future ; msjor section on solar 
tnergy; extensive information source* and guide to sources, 

ENERGY BOOIC # I and # 2i NATURAL SOURCES AND BACKYARD APPLICATIONS J . Prenls (ed) ; Running 
Press, Philad«lphia PA 19103, 1975, 112 pp, 14,00. (BOOK 0 2 - 1977, 125 pp. $5.00.) 
Review of passible altarnative *0urce*^of tntrgyi short descriptions of different ideas and 
dislgn!^. 

mm EHllGY HOy'TO,..A, J, Hand; Harper k Row, New York NY 10022, 1977, 258 pp, $9,95. Coiaplett 
guide to saving and producing hoM energy. 

HOHEOfflERS GUIDi TO SAVING OIERGY, . .1, L. Prlee and J, T, Price; Tab Books, Blue Ridg* Sumalt PA 
18214, i976t 288 pp, IS. 95, How to save money ori home heating, cooling, appliance and 
elect flcity coats* 

LOW^COST raCT^-EPfXCIIHT IHlLTra FOR THE OWNER WO BUILDER.,, E. Eccll (ed) ; Rodale Press, Inc, 
iMaus PA 18049* I9?8t 408 pp, I5,9S, Covers the baile* i|iv©lv«d in ^ming and building an 
en«rgy-«ffliiimi hmmi includs* solar application*, 

OTHll HOHES AMD GAWAaii DiSlCT POII ilLF-lumCIBrf LIVING.., J* Laeki •€ all Cha*. Serlbner's 

Sdna» Nw Yfifk Jlf lOQM , 1971, 302 pp. 19. 9S, Practical approach for conaEruciing solar panala 
and ovtMp a* wall «* vlndalllap and watar whaala; esphaalsa* ranwabl* anargy aourca*. 

tm fOynm or POUni SftUt AUD the EeOHOHie CRliXi,.,B, CMwn«r; A» l^aopf, Hm York NY 10012, 
1974. 320 pp. 18*95* ' tha mmwwf erlaia aa aaan by an anvirmMitaliaii covara g©vat^»«n€ 
and Isduairiiil oppdaltian to altarnaelva.anargy sciureaa «id taedaMfidacldna for tha fueura. 
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IMFORHAL PIRECTORY Q¥ THE ORGAfiiMTIOHi AJfD PEOPLI INVOLVED IN THE SOLAR HEATiNG OF ^UILDLNGS 
(3rd edition) A, Sliurcliff; 19 ApplttM St. , C«mbHdge m 02l38* 1976, 178 pp, 59.00. 
S€l#cclve CQverage of Initlcutienf and Indlvldumls involved in all aspects oi solar heating 
Qi buildingsi sain taphaftla Is on U.S^t bue lOM forilgn groups are Influded, 

SOLAE DIRECTORY. * .C. Pesko (md) i Ans Arbor Sel«nct Publishers , Ihq., Ann Arbor MI 48106, 1975, 
$20.00. An □vmrall guidt t© salsr energy aetlvlty* U. and foreign; covert tnforniation 
aervlecs, Mnulaeturerat dlarrlbuters, feSMreh «€€ivlnieSi projecti and tncludes a blbliographv 

SOLAR ENERGY AHD RESEARCH DIRECTORY,,. .Ann Arbor Selenca Publishers, Inc. Ann Arbor Ml 48106, 
1977, $22.50. CoiBpr^hmsiv® dlreeeofy of All cyp«s of complies lnvalv«d In various aspects 
of sol^r energy Ceshnology. 

SOLAR SiERCY SOURCE BOOK. . ,C. Hartg (#d) ; SoUr En«riy Insticute of Aaierica* ? . 0. Box 9352. 
Washington DC 20005, 1977, 712 pp, 112.00. Loos^leaf guldt to manuf aceureri and 
organizations; periodic updaCes provldad to members. 

SOLAR fiPDATE. . .Envtronm#nt InferMtion Cencer, 124 1. 39th St., New York m 10016, 1977, $25.00. 
Guide to Information sources in solar energy. 

SOLAR UtlLIZATIOHS HI5JS . Alternate Energy Inntltute, P. 0. Box 3100, Estes Park CO 80517, Monthly, 
SS.OO/yr. Covers regional developscnts, pyblications and meetingi« 

SOLAR INDUSTRY INDEX- . *Salar Ener^ Industries Association, lOOl Connecticut Ave., MW, Ste. 632, 
Washington DC 20036, 1977, 381 pp, $S.OO 4* $2.00 Hailing. Cottprehensive gpidi to manufacturers 
and service organizations # also includes chapter on operations and economics of lolar systems. 

PERIODICALS 

ALTERHATXVE SOURCES OF ENERGY. Alternate Sources of, Energy, Inc., Route 2, Box 90A, Milaca W 
363B3, Quarterly, $10.00/yr. Combination of artieles, colums and features; on many aspects 
of energy alternatives; serves as a clearinghouse for exchange of ideas and technologies. 

THE WTHER EARTH NEWS, the Mother Earth Neva, Inc., 105 Seoney Mountain Road, Hendersonvllle NC 
2S739, Bi-monthly, $l0.00/^r. Down-to-earth descriptions of peoples' experiences with 
alternative lifestyles, ecology and energy; source for what is happening In energy at the 
grass roots level. 

SOLAR AGE. Solar Vision, Inc., 200 E, Main St*, Port Je^is NY 12771, Monthly, io20.00/yr. 

Brief articles on developments in solar energy applications « with emphasis on solar heating 
and cooling. 

SOLAR ENERGY. Pergamon Press^ inc.. Maxwell House, Fairviev Park, Elms ford NY 10523, Bi-monthly, 
SlOO.OO/yr. (included with men^ership in Intemational Solar Energy Society - $20,00) 
Contains scientific and enginearing papers on all aspects of solar energy and technology^ 
theory, and applications* 

SOLAR ENERGY DldESt. CWO-4 W. I. Edsondaont P. 0* Ion U776, Sati Diego CA 92117, Monthly, 

$2S.S0» Concise a^mrlea of solar anargy davalopMats» on^going research and publications, 
both U. S» and foreigni 

SOLAR ENERGY INTlLLICmCE ^ORt. Butoinaaa Publlahafs, Ir€.« F. 0. iox 1067, Silver! Spring m 
20910, Bi-vaakly, If 0.00. Covara tha Vaahlngcon bias In solar anargyi also new divelopmasts, 
markatSt aaatlnga* \ 

SOLAR ENGINEERING. Solar finglftaaring Publtthata, lu, , 843S H, SCMens Freavay, Suite 880, 
Dallas tX 75247, ttinthly, |15.00/yr, itiort(l«3 pafaa) daacripciooa of activities and 
davaiopeanta In tha flald of solar atiarfyi particularly in thm private sector and In the U.Si 

SOLAR HEATIHG & COOLING, tefdoa PubUcatlong, f , 0. tox 21?6*1» Horrlaewn KJ 07960, 1 

ll^Bonehlyt l6*00/yr. Shdrt artlclaa on aolar haatlas md aooliag laauaa, davalopMWts and ^ 
aqulpHttC, Oritntad 'to bulldataa davaloparB, aad ainulaeiiirara^ \ ^ 



SUtING SOUl.-.F«d«ral Energy A^iaiiicifacios; Stock He. 04U0L8-O0l20--^» GPO, Jane 1976, 71 pp, 
II.SS. Suid# EO Uetsrt a hoMO^er should eonalder whiin buyini soiiv syacems, 

4 D?SCSIFT1V1 SITOUKY OF H.U.D, SOU^ RESIDEHTUL DBiOHiTRATlOHS , CYCLE 2, Fall 1916,,. 

AXAataMrch Corporal ion I Stock No. 023-000-00389-9, GFO, 1977, 103 pp, $1.30. Dascrlbes 
•olar graac projeeti sel«eE«d froa Ehe s«cond cyele ir*nt applicaclons in cha HUD soUr 
h«»€iai and eoallni dwniEratlon preiraai includes dravlniS of buildlnii and soUr syicems. 

liPA'S PACIflC RICIOMAL MUI HEATiNd HAITOB^K. , . Loa AlaaoB Scientific UboraEory i Scock No. 

060-000-0024-7, GFO, Nov. 1976, 108 pp, 13*25. Guide for engineers, archlEiccs, and Indlvtduals 
familiar with hamElng and ventiUclng appllea£iona who wlih to desipi a loiar heating lyiEem 
for bulldlnga la the Pacific CoaaE Raglon; baaie coaeepts are useful in ocher regions. 

HOKE ^ORTGAGE LMIHO AOT SOUR OfraGY...D. larrtEt eE al; SEock Ho. 023=000-00387-2, GFQ 1977, 
31 pp |i 40. RaaulEa of i aerlea of Intarviesa wleh ooTtgage loan officers ac financial 
- inatUutiona in H«w Jaglandi main focua waa on aorcgafe financing for new houilng with solar 
energy ipaea haaEing syat^a. 

HUD IHTlRmUtl MIHMJM PROFSTY STAOTAMiS SUFFLMHT: SOLAR HEATING AND DOHESTIC HOT WATER 
SYSTIKS Ordtr Ho 4930-2, G?0, I97f. S12.W (ineludei updatta). Caneains solar rtquiremencs 
and ttandarda applicable to on_«_and two faaiiy dwelllngi, multifaBlly housing, and nursing 
homaa and lacafMdiate ear* faallltiea. 

NATIOlUtb FROCIAK FOR SOLAE Hl^TXMO AHD COOLING OF BUILDINGS ... Energy Reitarch and Development 
AdBlniatration; Stock No. 060-000-00043-3, GFO, 1976, 84 pp, SI. 51. Refleets results of 
continuing aaMaaMnt of the Program during 1976* 

MATTOiUL FROCRAH FOR SOLAR HEATIHG AND COOLIKC OF iUILDINOSi fROJlCT DATA SUtWJllES, Vol. I - 
COltOTClAL AND RESIDEMTiXl DEMOHSmTIONS , Stock No. 060-000-00012-3, 1976, lo3 pp, S2.35i 
Vol 2 - DMHSTOATION SUFFORt, Stock Ho. 060-000-00042-5, 1976 * 61 pp, $l.25| Vol. 3 - 
RESEARCH AND DCVELOFimiT, Srock No, 060-000-00018-2* 1976, 99 pp, SU90. . .iyitema Concuitants, 
Iftc ' GFO 1976. Brief abatraeta of projects funded by EW!A and conducted under the National 
Prograai for Solar Heating and Cooling of. Buildlnga through July 1976. Vol. 2 reports on 
development support for the dtaofli oration peogrsi and Vol. 3 describes all research ^nd 
davelopaent projaets in the areaa of collectors* thermal energy storage, solar heat pumps, 
aolar cooling syaeasa and controls* 

SOLAR DWEIiINO DESIGN COMCEFTS . . * ALA Raaearch Corporatloni Stock Ho. 023-000-00334-1, GPQ, 

Hay 1976 136 op |2*30* Dlaeusaea all faciEs of the design and siting of housing Intended 
to be h«*ced by Eha aun; also includes discussion of the Impact of solar energy utllizaElon 
on Eradltional dwelling design^ 

SOLAR eHERGY IN AWRiCA*S fUtURE* A PREtmiHARY ASSlSSHm. . ^ Eneriy Research and Development 
AdalaiaEration; Stock No, 060-000*000! 1-4 , GFO, Kareh 1977 , . 104 pp, $2.00* pocumenEs a 
Stanfofd Raaearch InatiEuEe atudy of the potenclal rolea that solar energy Eechnalogles 
could have for aeatinfl U,S* anargy n«eda over the next 45 years* 

SOLAR HEAtiNO AND COOIDIG DaCNSTRATIONi A DEiCRIPtlVE SUKMY OF HUD SOLAR RESIDENTIAL . 
DEHS^ftSAtiaNS* CYCLE l..*ALA Raaearch Cofpsracions Stock No, 023-00Q-OQ3Ji-4, GFO, 1976, 
59 pp II IS. FrojaeE aumriaa of 53 ptojaces in the firat cycle of residential demonstration 
awards/ Each daacrlpiioa includes backgreund and cllsatic data, a brief dlscuaslon of the 
dwalling'a phfileal chaMctaristlca and ene - onaervation feaEures, and informaEion on the 
co^onsfica of the iolar aMrgy Bj9%m^ 

Tha publicaeloiia on thla paga ara availabla fr^ GFO. They can be 
obialnsd by wlcliigi SupafintandanE of Docwants, ^varment FrinEing 
Office, Waahliittofi, DC 20401, The ochar aaEariala are NOT avallabie 
Ehrougfc tha Mafilonal Solar HcaEing arid Cooling InformaEion CanEar. - 
Thay can ba obsalnad by conEactlng the publlBharai bookaeorea or^* 
local llbfariaa. 

5Eh a^ielm awo iif^M 
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